Firat bs 


Ran 


ae 


we ae 


; https /archive.org/details/rail-internatio val 


Ly 


eh 


0.C.S. AT GOODMAYES 


One Control Switch 


SYSTEM OF ROUTE RELAY INTERLOCKING 
is in operation at Goodmayes, on the British Railways 
Eastern Region new electrification 


Some features of this system which make it particularly suitable for the control 


and operation of large and busy layouts are 


e Only one switch movement per route. 

e Instantaneous response and rapid completion of route set-up. 

@ Route set-up clearly and unmistakably indicated by evenly 
spaced white lights over the whole route. 

) Parallel movements can be set up simultaneously. 


The O.C.S. system can be applied to all types of electrically controlled 
signalling-all electric, electro- pneumatic or electro- mechanical. 


Made in England and installed by : 
WESTINGHOUSE BRAKE & SIGNAL COMPANY LTD. 
82, YORK WAY, KING’S CROSS, LONDON N. 1 
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In railway lighting equipment 
E V R keeps ahead 
e e in technical progress : 


FOR INCANDESCENT LIGHTING 


Its standard equipments (a single generator, a single battery, a 
single housing) have for years proved their robustness in all climates and 
under the most different technical conditions. 


FOR FLUORESCENT LIGHTING 


Either with alternative current 

or with direct current. 
E.V.R has conceived and developed the solution : 

the most simple 

the most economical for purchase and maintenance 
already in application in France and abroad. 


Dining-car of the International Sleeping Car Company 
Fluorescent lighting — Direct current 


L°ECLAIRAGE DES VEHICULES SUR RAIL 


Tel. : Anj. 79-40 22, rue de l’Arcade PARIS 8 
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LA BRUGEOISE 
ET NICAISE & DELCUVE 


Lier TID) IVNISIMEM 6 1) MP yAN) 


Head-Office and General Direction at 


Steel-works, Forges and Engineering Works 
St-Michel near Bruges 


NILE RRO ILIEIMNUG SAME Is 
AND FIXED EQUIPMENT FOR 
RAILWAYS AND TRAMWAYS 
BRIDGES, FRAMEWORKS, TANKS, GAS-HOLDERS AND ALL 
STEEL CONSTRUCTIONS RIVETED AND WELDED 
@ 


WHEEL SETS — STEEL CASTINGS — IRON FOUNDRY 
SPRINGS 


53, HAYMARKET, LONDON S.W.1 Works : Trafford Park, Manchester 17 


PRES Tid Rae 


an essential 
aid to 
passenger comfort 


The Stone-Carrier air-condi- 
tioning system is founded on 
a scientific appreciation of the 
conditions that make for pas- 
senger comfort. It has proved 
its complete suitability under 
the varying climatic conditions 
of the five continents. With 
esmeeuas railway travel is lifted 
to the highest plane of comfort 
and conditions created which 
make possible — not mere 
toleration but active enjoyment 
of every journey. : 


J.STONE & CO LTD, DEPTFORD, LONDON, ENGLAND 


RAILWAY MATERIALS 


The Steel Peech & Tozer works is famous for its steel tyres, produced 
for every kind of rolling stock up to the largest locomotive tyres. 
Notable are the unusually tough and hard-wearing ‘CP’ and ‘BC’ 
brands, and other specially-treated tyres, much esteemed by 
railway engineers in many lands. At this works are also produced 
rolled steel solid wheels, disc centres, locomotive carriage and 
wagon straight axles, locomotive crank axles and laminated springs. 


At the Workington plant high duty wear-resisting Bessemer acid 
steel rails are made, together with fishplates, bearing plates and 


steel sleepers. 


STEEL PEECH & TOZER «- THE ICKLES - SHEFFIELD 
WORKINGTON IRON & STEEL COMPANY ° WORKINGTON 
Branches of The United Steel Companies Limited of Sheffield, England 
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CHAPTER III. 
Numerical application (fig. 7). 


Let us take as in the numerical example 
dealt with in the first part of this study 
(Bulletin of April 1948), a goods train 
again formed of a rake of wagons (of 
which 30 % are empties) weighing 
1200 tonnes hauled by a single 81 type 
S. N. C. B. locomotive weighing 112 
tonnes tender included. 

The length of the rake is taken as 
500 m and that of the locomotive as 
18 m (tender included). 

The train so formed is supposed to 
be located in the same set of conditions 
as those of the example given in the 


beginning of the Second Part (fig. 1) 
and L, is taken as equal to 550 m, i; = 
> ium) perm and. 75. ——" 2 mm per m: 

Finally, we can suppose as before that : 

— the speed y, when the braking starts 
is 54 km/h (or 15 m per second); 

— the coefficient of majoration y = 
1.08; 

— the law of variation of the coef- 
ficient 7) of the {friction -ofethe 
brake blocks on the tyres can be 
written at speeds under 54 km/h 
according to Doyen : 

f = a — by 
with @ ==0.27,and;b.=-.0.0072- 

The numerical values of the general 

constants are then the following : 


P,s= Jt2 tonnes RA 
f= "18 metres eee 
P’ = 1200 tonnes ee 
L’ = 500 metres oa 


Lie 6.222 tonnes 
220 : 

18 

pet) 2.4 tonnes 

500 =) aie 


(*) See the Congress Bulletins for March (p. 139) and April (p. 201) 1948; and February (p. 77) 1950. 


1 


54 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION FEBRUARY 


Periode de fyei- 
=nage a pres- 
-Ston Constante 


Peyiode de remplissage 


| : des cylindres de grein 


AS 44, 5363 Fehelles: 


515,28 825 Chemin perceary: 
- =Oiry P27 metre 
Vitesse. 
= Sy par metre 
i he 
g, 5091 
6,7519 
: 4,2720 
| ta tgt4 
f r 48, 
Chemin parcourul 36,9565' 
b ro 89,5 
I, 73582 12558406 
y F 35k pte 123 8406 4-101, ae pee 
— 568 __________>»| NG, Per seconde 


he 
r< 612, 1714 >} 
< 641, 6X14 > 

i | 


Premiére section 


550 metres : x5 = 500 metres 
Oo | > Kae bard Kg. parm, 


| Ky. 7 
| Ky = — 6560 Kg, i! Ki, =- 6224 Kg. 


Seconde section 
Xs = 18 metres 
Ky= 18, 666 Kg. par m. 


kK, =— 6560 Kg. 


Fig. 7. — Numerical example. 
Explanation of French terms : 
Période de remplissage des cylindres de frein = Period of refilling the brake cylinders. — Période 
de freinage 4 pression constante = Period of braking at constant pressure. — Vitesse = Speed. 
— Chemin parcouru = Distance travelled. — Temps (secondes) = Time (seconds). — Pre- 
miére section = Ist section. — Seconde section = 2nd section. — Troisiéme section = 3rd 


section, 


Pos Py P= 112 1200 AS 12s tonnes: 
De 1 - Ll) = tise 500% = 518emeires: 
v, = 15 metres per second. 


1000 x P x y 1000S 13123 S105 
Nie = 144436 
g 981 


g IE ol 7 


M  100xPx~x7- 1000 x 1312 x 1.08 10° 
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Ly S= SS 5) 
ly <=, Saa y) 
In addition referring to the appendix 


to the first part (Bulletin of April 1948), 
we can again use the values : 


fe spceifie Tesistance’ of the rake 
(with 30 % empties) at speed V, (or 
54 km/h or 15 m per second) = 3.93 kg 
per tonne. 


ro = specific resistance of the same rake 
at a speed near zero = 1.82 kg per tonne. 


Whence : 


3.93 — 1.82 
==, 0,14, 
Pr 15 


R, = total resistance of the 81 type 
locomotive at the speed vy, = | 106 kg. 


R, = total resistance of the same 
locomotive at a speed approaching zero 
==) 586 Kg. 


Whence : 


R, —R, 
fie! pS —— 
ve if) 


1 106 — 586 
= el 


A. Period of refilling the brake cylinders. 


Let us take too as in the numerical 
example worked out in the April 1948 
Bulletin that : 


1) the time taken to refill the brake 
cylinders is 55 seconds; 


2) the total pressure of the brake 
blocks on the tyres of the braked wheels 
in the train can reach at the end of the 
time 200 000 kg; 


1* 
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3) the exponent nm can be taken as 
equal to 2.5. 


Having regard to the above, the 
constants applicable during the filling 
period have the following values : 


T = 55 seconds 
(= DS 
Q = 200 000 kg 
A = aQ = 0.27 «200 000 = 54000 kg 
B = bQ = 0.0072 x 200 000 = 1 440 kg 
(Care! 25 ie 
= (0.14 x 1 200) + 34.7 
a), 
or 203 kg. 


I 


First section. 
Value of the constants : 


Eengthe=— 050 mt. 


Constant slopeioa—t10— 5 1) 
per m. 

Kk. =. 0: 

K’ ipP i pe (=) al 
— 6560 kg. 

bee 1B) 


Ey PAL Reece 
= (1.82) 1 200) 4586 61560 
2 DIM SH = 6 0 

ee? 1001560 

eee 90 ke. 


‘Let us take four cuts each of 10 seconds. 


, xe 
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First 10 second cut. 
T, = 0, so that. © = T—7, = T —0 = T = 55 seconds 


Vp = V, = 15m per second. 


1 
F'(o) = — ri {Cv, + D’} 
ii 
aces (oh \(203 x 15) — 3790} 
= + 0.005215 
1 (n(a — by,)Q 
" = CF’ 
F’’(o) % 7 oe (0) 


1 A225 (0 27-==0,0072 15) 2005000 
10° 55 


++ 203, Oe (0005215) 
= — 0.0103165 
In the case of 7; = 10 seconds, the equations (1) and (2) give : 
Ii T°, 
£L, = vy, T, + Fo) > > F'o) oA 


10? 103 
= 15 x 10 + 0.005215 x 5— — 0.0103165 x 7. 


= 148.5410 metres. 


2 


5h 

Vou Yet Boel, er (6) ay 
102 

= 15,-- 0.005215 x 10 ==9090103165 < cae 


= 14.5363 metres per second. 
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Second 10 second cut. 


T, = 10 seconds, so that © = T— T, = 55 — 10 = 45 seconds. 


Vo = 7; 


Eo) = 


F’'(o) 


= 14.5363 metres per second. 


Qn 
(a — by,) ( — a Q+ Cy, + D| 


452-9 


0.27 — 0.0072 x 14.5363) t — ae x 200 000 


10° } 
= X03) Sx 114) 58X53} —— x79 
Ee 086716 


@n—1 


l 
= In by) 


On\ 
a pono fer 


Vals 


i 45 
a girs ps (0.27 — 0.0072 x 14.5363) x 


< 200 000 


5525 


4525 
203 — 1440 t _— a | x (— 0.086716) 


eos 


=. — 0.0077329 


For T; = 10 seconds the equations (1) and (2) give : 


Ly 


Vo 


! Ti i ee 
= Vel + F‘(o) De ae F Oe e 


103 


102 10 
251495363, < 10201086716 x y — 0.0077329 x 


= 139.7382 metres. 
i Py 
= ih (OVE aa (0) > 


2 


10 
— 14,5363 — 0.086716 x 10 — 0.0077329 x a 


— 13.2825 metres per second. 
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Third \0 second cut. 


T, = 20 seconds, so that'@ = T= 7, = 955 — 20 = 35 seconds: 


352-> 
aa] 


@n 


ico 


n 


Vo== Vi = 13 282 Semetres petmsccoud: 
F’(o) Lyi Pt Tea SC eID 
a by a y 
(0 M a 0 Tn 0 
7 
= aaa \o.27 —0.0072 SOB 2) ' — — 
+ 203 x 13.2825 — >790 
= — 0.15834 
P'(o) = — + a—by) 9 +/c— a0 
0) = na v = 
dae a renal 


i 
=== p.510.27 — 0.0072 1 13%2825) x - 


106 


35255 


Si 203 — 4 — 


— 0.006403 


For T; = 10 seconds, the equations (1) and (2) give : 


Ly 


I 


I 


I 


! II Des 
= omen Cl se 1) 5 


/ T*, I Tey 
Val ai Ol =“ E ) 


=, a 
13.2825 x 10 — 0.15834 x we — 0.006403 x we 
Z 


123.8406 metres. 


2 


13.2825 — 0.15834 x 10 — 0.006403 x 


11.379 metres per second. 


221-5 
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no 
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5 x 200 000 


i) 15834 


Bulletin of the International Railway Congress Association 


CONTENTS OF THE NUMBER FOR FEBRUARY 1951. 


1951 625 .251 
Bull. of the Int. Ry. Congress Ass., No. Ay VEC}, jo, SS 
HENNIG (E.). — Research into a method of 


calculating the stopping distance in the case of goods 
trains retarded by continuous compressed air brakes, 
with progressive charging of the brake cylinders 
(Continuation and end) (5 000 words & fig.). 


1951 625 .233 (493) 
Bull. of the Int. Ry. Congress Ass., No. 2, lselovin, (0), (she 

MICHOTTE (M.) and UYTBORCK (E.), — Lighting 
coaches by fluorescent tubes using 72 Volts D. G. 
(1 500 words & fig.). 

1951 621 .131.3 (42) 
Bull. of the Int. Ry. Congress Ass., No. 2, Febr., p. 82. 

Testing new locomotives of the London, Midland 
& Scottish Railway (Great Britain) on the line (1 200 
words & fig.) 

1951 625 .231 (45) 
Bull. of the Int. Ry. Congress Ass., No. 2, leeloye.5 Tas to). 

New rolling stock of the Italian State Railways. 
(1 700 words & fig.) 


1951 621 .438 (73) 
Bull. of the Int. Ry. Congress Ass., No. 2, Febr:, p: 90. 
YELLOTT (John I.). — The experimental coal- 


burning gas turbine. (2 500 words & fig.) 
1951 621 .438 (42) 
Bull. of the Int. Ry. Congress Ass., No. 2, Febr., p. 96. 
British Railways first gas-turbine locomotive. (6 000 
é words & fig.) 


1951 625 .113 
Bull. of the Int. Ry. Congress Ass., No. 2, Febr., p. 110. 

NEW BOOKS AND PUBLICATIONS. — SCHRAMM (G). 
— Bogengestaltung und Bogenabsteckung (The consti- 
tution of curves and their layout on site). (400 words.) 

1951 385 (09 (45) 
Bull. of the Int. Ry. Congress Ass., No. 2, Febr., p. 111. 

NEW BOOKS AND PUBLICATIONS. — Le Ferrovie italiane 
dello State (La reconstruzione alla fine del 1949). 
(The Italian State Railways. — Their reconstruction 
at the end of 1949). (600 words.) 


1951 621 .332 
Bull. of the Int. Ry. Congress Ass., No. 2, Febr., p. 112. 
NEW BOOKS AND PUBLICATIONS. — Calculo, planos de 


construccion y ensayos de una linea catenaria para elec- 
trificacién de ferrocarriles (Calculation, constructional 
plans and tests for an overhead line for electric railways). 
(600 words.) 


4 Toh Yow 


| tin iaey a erated, 


(—— Ba ees 


” 
. 
> 
~ 
<= 


Why sbgngt ( a), Osan F 
' ai oO ena) yes cu yetiideotis *- ' - 

- gTtL ei aveellttincy ye naar pola : 
hy, gthawmis iimmrtgtrrg © tier ~ang 


Je. wae wk ns Winans} ore] j *- i 


3 ‘ 200 Stes 
7~ 
bi inet - : 
ap : en) «8 Ind of ko AiG 

7 Ay we Ser Q “<7TiGr hi 5 py 
eu! leemersontl rg fue . 
iy 2 aie OFF b> ' 

‘* i 
, way bo uth ik wls te ull 
. io tzpeloal \ eGe! Stes: E a 2 


whet fiom 3 ieee! 


Ay ut? ony year 


rey - ‘ 
- : ‘ 1 3 Pe N ri 


ry 
st cote Tt 
ch, Wi lita gst ‘ ) al 


mie ilsb 4 


*. : ‘iil «wf 


Come tas Hue = : ” 
um vrul4 
¢ wSlsoirtehss . 
arrest s& avomahy 
Lvl Delete ee : 
Ve O08) ; 


FEBRUARY 1951 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


Fourth 10 second cut. 


To = 30 seconds, so that © = T — T, = 55 — 30 = 25 seconds. 


Vo = Vv, = 11.379 metyes per second. 
| 1 | cr | 
Fi(o) = M \4 byo) : Te OV Cr, D , 
7 250) 
= 0227 = 0.0072 411379) 1 — ee |< 200 000 
I 55 
+- 203 « 11.379 — 3730) 
= — 0.236971 
a 1 : (re F ()n ; 
E (0) = mi n(a — by) a Q+);C — dQ Pere F’(o) 


4761-5 


y} 25 
a arr De SOO a 0 0072 al Ls) 


agus * 200 000 


Dee 
203 — 1440; 1 = 
ae 


265 


x ¢ 0.236971 


= — 0.00538524 
For T, = 10 seconds, the equations (1) and (2) give : 
TE Te 
Pein E () ate) a 
10? 102 
= 11.379 + 10 — 0.236971 x rat 0.0053852 x fa 


= 101.0437 metres. 


Te 
Zz 


vy, = ¥, + F(T, + F'(@) 
102 


10 
= 11.379 — 0.236971 x 10 — 0.0053852 x a 


= §.74 metres per second. 
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We conclude from the above that after We now have to determine the time 
4 x 10 = 40 seconds after the start of the head of the train takes to travel this 
the brake application, the speed of the distance : 
train has fallen to 8.74 m per second and 
that during these 40 seconds, the train 
has travelled : Fifth and last cut of the first « section ». 


= 148.5410 + 139.7382 + 123.8406 + 
101.0437 = 513.1635 m. 


The head of the train has therefore to Ty = 40 seconds, whence © = T — Ty 


HOGmtnISmCutee 


travel before it reaches the end of the = 55 40 = 15 seconds 
section considered a distance of : 


930: —= 513.1635 == 36/8365 m. Vo = Vi. = $./4 m per second: 


if Or 
F'(6) = Mi (a — by,) t — a Q+ Cr, + D| 
== ea (0.27 — 0.0072 x 8.74)|1 15*? 
= 1 27 — 0. x 8.74) ~= 
203 84003 3790 
= — 0.26438734 
. 1 @a-! Qn 
F'(o) = — uM n(a — byo) 7 Q 4 lc 601 — Tro 


7 1515 
a 10 2.40527 — 0 ORE &. 74) === 2007000 
0) 5525 


1o2-5 
u 203 = ot =e 
55° 


| x (— 0.26438734) 


= — 0.0040694122 
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The time (7,) the head of the train 
takes to travel these 36.8365 m can be 
found by equation (1) : 


I fhe RA Ly 
reo iad go Er areas Orn 


in which : 


2 


T 
36.8365 = 8.74 T, — 0.26438734 Se 


iE 
— 0.0040694122 a 


which gives : 
T, = 4.5 seconds. 


As a check had the distance 36.8365 m 
been run over by the head of the train 
at a constant speed of vy; = 8.74 m per 
second, the corresponding time would not 
have exceeded : 


36.8365 

——— = 4,218 seconds 
8.74 

a value necessarily lower than that of 

4.5 seconds taken when the speed is 

decreasing. 


The speed v2 of the train at the end of 
these 4.5 seconds, i. e. when the head 
of the train passes out of the section is 
given by equation (2) : 


T?2 
Vz, = vv, + F(o)T, + F’(o) a 
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= 8.74 — 0.26438734 x 4.5 
Wee 
— 0.0040694122 x i 


| 


7.5091 metres per second. 


The distance travelled of 550 m (length 
of the first section) has therefore taken 
40 + 4.5 = 44.5 seconds and, at the 
end of this distance, the speed has dropped 
to 7.5091 m per second). 


Second « section ». 
Values of the constants. 
by ekengih T= sicen: 
2) Wee) Ve =. 09) im: per second: 


3) To = 44.5 seconds, so that @ = T 


To = 55 44.5 = 10.5 seconds. 


AN AE eX He IK? 
K = (i, — i) pi 

= [ —2—(—5)] O22 
=(—2+5) xX 6.222 

== (+ 3) X°6.222 


= + 18.666 kg per metre run over. 


1 ene e 
= (— >) < [312 
= — 6560 kg. 


5)D=r, P’ + Ry + K’ 
= 2770 — 6560 
= — 3790 kg. 
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Under these circumstances for the section under consideration : 


fi 


I Oz 
Fi(o) = — M ao [1 TJ a+ Cy, + D 
OCS ae 
= — a (0.27 — 0.0072 « 7.5091) (ee x 200 000 
10° BE 


+ 203 x 7.5091 — 3790) 


= — 0.2817 
if @x—! On\) 
@) = = us n(a — by,) a Q- fc bQ\1 — F’'(o) + Kyo 
i0.5'3 
= — cal 2.5(0.27 — 0.0072 x 7.5091) eS x 200 000 
106 5529 
10.525 
+ |203 — 1440/1 ae x (— 0.2817) + 18.666 «x 7.5091 


= — 0.002338 


Equation (1) gives : 


T?, i; 
18 = 7.5091 T, — 0.2817 — — 0.002338 —* 


ancegives 27 == 275) seconds. 


18 The 18 m section is travelled over by 

The check “7 509] = 2.397 seconds < the head of the train in 2.5 seconds and 

when it reaches the end of the section 

the speed has fallen to 6.7319 m per 

: ; second. At this moment the distance 

PETES LC) SUN ENIGS travelled since braking started equals 

T?, 550 + 18 = 568 m and the time 44.5 + 
2.) = 4/ seconds: 


2.5 seconds. 


v2 = 7.5091 — 0.2817 T, — 0.002338 Po 

= 7 500108 es Third « section ». 

a5 This 500 m length (the length of the 

2G rake) bridges the end of the recharging 
period and the beginning of the period 

= 6.7319 metres per second. of braking at constant pressure. 


nm 


—-0'002338) x 
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We have now to calculate the distance = [—2—(—5) ]24 
the head of the train travels during these Sie eres \ od 
55 — 47 = 8 seconds from entering the 


third section to the instant the period of — Cie) pels 


recharging the brake cylinders ends. The = + 7.2 kg per m run of the 
speed the train reaches at this moment distance travelled. 
has also to be ascertained. 
The constants for the part of the Sa aaa 
section considered are the following : = (—5) x 1200 + (— 2) x 12 
b Ti f ay d = — 6000 — 224 
) Time of run = 8 seconds. Sippy Nig 


2) ¥, = 6./319 m per second. 


3) 29 — 47 seconds so that 0 = T — 
Ty = 55 — 47 = 8 seconds. 


4) iP = KI 4+ K’ 


Desrae eRe: 
7710 = 16274 
Ee 454 ke, 


Under these conditions for the part of 


K= (i, — i,) p’ ' the section considered : 
1 ()n 


2-5 
{0.21 — 0.0072 x 6.7319), | — —_ x 200 000 


\ 


Se AUS 3 OR TAI 5 3454 


108 


= — 0.2929857 
1 @n—1 O2\\ es 
F’(0) = — M n(a — by) Ta QO C ba — = F’(o) + Kyo | 
1.5 
Ti 8 


0° 


— == }2.5(0.27 — 0.0072 x 6.7319) 5525 x 200 000 


2-5 


+ 203 — 144001 — ar] x (— 0.2929857) 
J 


+ 7.2 x 6.7319 


22 = SWORE 
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Whence the speed at the end of the recharging period : 


8 
v, = 6.7319 — 0.2929857 x 8 —.0.0036275: x 5 


2 2 


= 4.272 m per second and the distance travelled during these 


8 seconds : 
82 83 
= 637319 <8 0 .2929857e< 5 — 0.0036275 x A 
= 44.1714 metres. 
6.7319 (al OD 
Checking : <x 8 = 44 metres < 44.1714 metres. 


2} 


At the end of the recharging period the 
speed has therefore fallen to 4.272 m 
per second and the train has travelled 
during the 55 seconds of the period 
568 + 44.1714 = 612.1714 m. 


It may be remembered that in the 
previous investigation (first part), we 
found that for the same train braked 
under the same conditions on a conti- 
nuous down gradient of 5 %/o, : 


Vv, = 4.89 m per second. 


c 620 m. 


| 


B. Period of braking at constant pressure. 


In the present case, it will be noted 
that this period begins at the moment 
when the head of the train has already 
travelled over the third section a distance 
ODEs 


28 ok 


ly) = 44.1714 m 


from the beginning of this section repre- 
sented by the equation : 
LPP N72 3 eed 
At this moment, the speed of the train 
is : vy, = 4.272 m per second. 


The train naturally should stop well 
before its head gets to the end of the 
section, which is situated at a distance of : 


500 — 44.1714 = 455.8286 m ahead. 


To ascertain the distance of the third 
section /’, still to be run over by the head 
of the train from the beginning of the 
period considered to the stop, this will 
be given by the differential equation VI : 


dy 


= = VAY, BI’ 
ea Pose AYP ole KE 
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in which : 
_ HP +k — 00 
M 


— the constant A 


__ (0.14 x 1200) + 34.7 — 1449 
144436 


_ 168 + 34.7 — 1440 
144436 


_ 202 — 1440 
144436 


1237.3 
144436 


= — 0.00856 


th tant B _ Cae 0.00005 
= e constan M 144436 5 ) 


aQ +r,P’ +R,+ Ki, + K 
M 


=ihe constant, C’ 


65 


(0.27 x 200 000) + (1.82 x 1200) + 586 + (7.2 x 44.1714) — 6224 


144436 


54000 -+ 2184 + 586 + 318 — 6224 
144436 


50 864 
144436 


We find that : 
A? 0.008562 
B —s 
4 4 
==) 0000183184 —— 0.00005 


0.00005 


= a negative value. 
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A? 
Then making: 0 = NE eye 


= /0.00005 — 0.0000183184 
= 1/0.0000316816 


= 0.0056286 


| 


Under these conditions and as the section considered overlaps the two periods, 
the final distance of the stop (/';) is given by equation 20 : 


q a = l gee | — 
lOgn 1 B — 108n B = > O8n A2 a 
ae =F 
By, 
t ae 
— — arc 
Oaoaees By, A\A 
@? + | — = 
€! A PD 
in which : 
oF 50864 
a SS SS IN 
B 12 
By, Vy 4.272 
cr e = 7064.4 =0 .00064 
B 
A a 0.00856 
5 5 = — 0.00428 
©? = 0.0000316816 
A2 
7 = 0.0000183184 
A 0.00856 
= = — 0.7604 


20 2 X 0.0056286 
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so that : 
logn (l', + 7064.4) = log, 7064.4 


ae 1 rr (0.00064 — 0.00428)? + 0.0000316816 
2 = 0.0000183184 + 0.0000316816 


0.0056286 x 0.00064 


+ 0.7604 are tg ae - 
0.0000316816 — (0.00064 — 0.00428) x 0.00428 


Ol: 


1 
logn (I', + 7064.4) = log, 7064.4 + 5 !0n 0.8986 + 0.7604 are tg 0.076 


Om notingithaty are te 05076 = 4°20" or=4°, 33 


AG Se CMS) , 
= Se racians 
180 


= 0.075573 radians 


andathbat log; iN = 2.3026 loz N= 
2.3026 log (/', + 7064.4) = 2.3026 log 7064.4 


1 
+ 5 X 2.3026 log 0.8986 


+ 0.7604 x 0.075573 
or, finally : 


I 


2.3026 log (I’, + 7064.4) 2.3026 xX 3.8490753 


I 
a ( < 2.3026 «x (— 0.0464336) 


a 


+ (0.7604 x 0.075573) 
8 . 86288078578 


I 


— 0.053459 
+ 0.0574657092 
= 8.86688749498 
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whence : 
; oan 8 . 86688749498 
BA es IMR tii ep ee: 
= 8.86688749498 x 0.4343 
= 3.850889239 
= logide 709379 
Therefore : 


l', + 7064.4 = 7093.9 


So that finally : 
I’, = 7093.9 — 7064.4 = 29.5 metres. 


As to the corresponding time, equation (30) gives : 


By, 

1 © (el 
i == sx Elee YS i 7 
6) oe Bs By, si A\A 
Cc! 2/2 

l 
= ————_ x 0075573 
0.0056286 


= 177.664 x 0.075573 
= 13.4266 


= soit 13.4 seconds 


: AW2i2 
Checking : ae 13.4266 = 28.6792 metres, a value necessarily smaller than 


29.5 metres. 
Conclusion. and the time the train takes to travel it : 
In the example here dealt with the e550 lad 
total stopping distance of the train then 
necomecn = 68.4 seconds. 
== 612.2 45 2915 


These figures could be compared with 
= 641.7 m those found before (see Bulletin, April 


FEBRUARY 1951 


1948) for the case of the same train 
braked down a constant gradient of 1 
in 200, to wit : 


Distance travelled = 657.9 m. 


Time taken = 70.6 seconds. 


Addendum. 


The following example illustrates a 
less simple case than that considered 
above. 


Let us suppose a goods train of a 
total weight P tonnes and a total length 
of L metres made up of : 


— At the head of the train one or two 
locomotives weighing P, tonnes, 
and /, m long. 


— The body of the train formed of a 
rake of wagons weighing P’ tonnes 
of L’ m length. 


— At the tail of the train one or two 
locomotives weighing P» tonnes, 
and /, m long. 


The quantities P and L have the value : 
P =sP)--+-Ps--+ P, 


L=/,+ L'4 1, 


Let us take : 


— p, tonnes the weight per metre run 
of the locomotives at the head of the 
train; 

Py 


we shall have py = ee 
1 
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— p’ tonnes the weight per metre run 


of the rake of wagons when 
/ Ie 
Pp = ie 


— p2 tonnes the weight per metre run 
of the locomotives at the tail when 


Ps 

[ep = ie 

Let us allow that at the start of braking 
the position is as shown in fig. 8 : 


— A portion (at the tail of the train) 
of length L; m is on a section of 
which the slope is /; mm per m, this 
portion consisting of Pz tonnes of 
locomotives and (L; — J) p’ 
tonnes of wagons. 


— A portion (of the body of the rake) 
of length L, m on a section of slope 
iy mm per m, this portion consisting 
of Lsp’ tonnes of wagons. 


— A portion (at the head of the train) 
of length L3 m on a slope of i; 
mm per m, this portion comprising 
(L3 — /;)p’ tonnes of wagons and 
P, tonnes of locomotives. 


Inmothers tense: 
R+L’+h=l,+l4bh;=L 


Let us consider the train in the suc- 
cessive positions I to IX (fig. 8). 


The numerical values of the inclina- 
tions ij, i, and i3 being taken with their 
respective signs (the sign + for up 
gradients and the sign — for the down 
gradients in the direction of running), 
the following relations can be written : 
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1) At the beginning of the braking the train being in position I : 
iP = i,P, + ip'(L; — Le) + inp'L, + isp'(L; — 1) + i3P, 
i iE + p(L, — Lh ipp'L, + i; yo (ls Sei aes 


> re 
mr Ereh = bre L-L,+ boot he, 


> lite Le fit 
\ 


2) After a run of / metres from the beginning of the braking (/ being at most 
equal to L; — J), the train being in position II : 
iP = 1,P, - ip (L; — I,—I)+ iop'L, + i3p'(L; Sh er Dee 13P, 
iP, + ipl, — ipl, — ipl+ inp Ly + i3p'L, — isp'l, + ipl + 13P, 
(is — 1,)p 1 + iP, + Lp (Ll, —h)+ inp'L, at i3p (L; ed Jee 13P, 
(23 — iy)p'l + iy P, + ip es ==1,) { +i,p'L, =z 3 {p(L; Sh hse P, 


I 


I 


I 
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We see that when / = L, — /, the term iP takes the value : 
Pe (i= i,)p'(L, I) + iP, 4 ip (Ll, Sales i,p'L, + i,p'(L; — L)+ i3P, 
= 1p Ly —ip'Ly—izp'l, + i,p'l, + iP, + i,p'L, —i,p'l, + i,p'L, + izp’L, 
— isp 1, 4 1,P 4 


= 1,P, + i,p'L, + ip (L; ast AU. Li) ise { 
= i,P, + i,p'L, + i3p’ } (L; + L;) Ui fo), 4 1.7 


Noting that : 
jee) = (bb) = (LL) SY =i, 


we get finally : 
TP Pp ap Loe ip (L — L,) + 71,P, 
the value characterising the position III. 


3) After a run of / m, made from the beginning of position III (/ being at best 
equal to /) the train being in position IV : 


iP = i,p(l,—T1) + i,pol + i,p'(L, —D + isp'{ LW’ —L,) + 1S4+iP, 
= (— ip, + inp2—inp' + isp')l + ipa, + inp'L2 + isp'(L' — L,) + iP; 
= {(i,—i,)po + (is — inp $+ ipl, + ipp'Ly + i,(p'L' — p'L, + P)) 
INoung-thatp & =P" and psla=-P >, we get « 
BD sie | G1 Pao Gs 1) } De ey hyp pala Pee a) be) 
We check that tor / = /,,,the term iP becomes : 
P= palo ip Lb — ip 1, + 4p L) —i3p'L ys tp'ly > 13P 
== i,P, + i,p'(L, — 1.) + isp’ Ly = 42) =r 3Py 


value characterising the position V. 


4) After a run of / metres from the position V (/ being at most equal to L, — /,), 
the train being in position VI : 


eee P et pile tp!) + tsp (LD — La = tz Ll) + i3P, 

== 7,Peo ip (lL, —1) — Phe tgp (ie tip et) isp'l + 13P; 

= (i; —i,)p'l + i,P2 + inp'(Li — 1) + i,p(L — Lz + 4) + i3P4 
Gr en Peep (Ley) i Petey (LL, 4 1) f 
ea eatPe ep le i) + {Pi pl plop it 
= (i, —i,)p'l + 21 Pop (Lp — 1b) { +7,{P,- P —p(lL,—J) t 


I 
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We check that for / = 
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2 —/,, the term iP becomes : 


iP = (i;—i,)p'(L,—1) + i,{P,+p'(L,— 1) }+i;{ Pi +P —pL.—!,)} 
= VN b= yo Mig = Ey be ip ly => 1nRoer i,p'L, —i,p'l, +i; Py + P’ — pL, 


ep pe eae 


— tt 
isp'L, + isp'l, 


= i,P, + isp'L, 
== 1,P, -\- 15 (Se Ey) 
value characterising the position VII. 
5) After running / metres from position 


VII (/ being at most equal to /,), the train 
in position VIII : 


iP = i,pAl, —1) + iz3pol + i3(P’ + Py) 
= 1pPol2 — 1,pol +> igpol 4- 1,(P’ - P,) 
= a se dell ae te ey) 
= (i; — ip)pl + 45Po + 1(P’ 4, Pa). 


Checking fors/"— the: term iP ebe- 


comes : 
iP = i3pol, + iP’ + Py) 

SM ie 

== 1(Po PS P4) 

= 1.P 
value characterising the position IX. 


Thus in the present example we have 
before us the four fictive « sections » : 


= 4 frst (Def length bye 
the variable inclination (i) of which is 
given by the relation : 


iP=K kK", 
in which : 
et) 
K’, = i,4)P, + pl, — 1) } + ip'L, 
= iz} p'(L; = Li) hae Ps t 


— A second (III-V) of length L, = 
l,, the variable inclination (i) of which 
is shown by the relation : 


ie = K,/ a Kon 
in which : 
K, = (i, —i,)p2 + (is — in)p’ 
Ky = i,P, + inp'L, + i,(P; + P’ — p'L,) 
— A third section (V-VIJ) of length 
L; = Ly, — /, the variable inclination (7) 
of which is shown by the relation : 
(Peake) aK 
in which : 
Ke = Ua tp 
K; = i, 4 P, + pL, — L)t + is} Py 
“Bi pity 
— A fourth section (VII-IX) of length 
L4 = 1 of varying inclination (7) shown 
by the relation : 
in which : 
K, = @; — i,)p, 
K’, = bolas i,(P’ a7 Pai) 
— Finally, and eventually, a fifth 


section of indefinite length of which the 
actual slope is = i3. 
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Lighting coaches by fluorescent tubes using 
72 Volts D. C., 


by M. Micuorte, 


Ingénieur principal adjoint a la Société Nationale des Chemins de fer belges, 


and E. Uyrsorcx, 


Ingénieur a la Société Nationale des Chemins de fer belges. 


J. — Preliminaries. 


All up to date systems of incandescent 
lighting on railway rolling stock include 
in principle the following components 
(tis) Le: 

— an accumulator; 

— a variable speed shunt dynamo; 


Requlateur 
b d'excitation 


and regularity of working of the control 
box. The small variations in the voltage 
required both in the regulation of the 
excitation of the generator and in that of 
the voltage to the lamps involve cutting 
in or out very progressively the resist- 
ances assuring this regulation. 

For this purpose, the makers use either 


Regulateur 
de~tension 
aux lampes 


Conyjoncteur \ 
disjoncteur 


i eT ie | 
| ened | 
| 
Tene, 1h 
Explanation of French terms : 
Batterie — Accumulator. — Régulateur de tension aux lampes = Regulator of the 
lamp voltage. — Régulateur d’excitation = Regulator of the generator. — Conjoncteur 


disjoncteur = Switch. 


— a control box containing the regu- 
lators of the generator and the 
lamp voltage; 

— a switch. 

The correct working of the equipment 

depends to a great extent on the precision 


mercury contacts or rolling or rocking 
sector discs, or piles of carbon discs 
progressively compressed and decom- 
pressed. 


These variable resistances, especially 
those for the lamps, naturally absorb part 
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of the available current. It is therefore 
important for the nominal voltage of 
the lamps to lie between the limiting 
voltages of the battery. 


II. — Fluorescent lighting. 


1. Investigations carried out with the 
collaboration of the makers. 


During the war the International 
Sleeping Car Co. investigated the use of 
fluorescent tubes in their restaurant cars. 
The decorative possibilities, the greater 
amount of light for the same power 
. installed, and the long life of the tubes 
fully justified this investigation. 

At the end of 1944, this Company 
equipped a restaurant car with 220 
V A.C. fluorescent lighting. The A. C. 
current was supplied from a motor- 
alternator set working off the battery. 


This solution, which was also adopted. 


by some American railways, makes it 
impossible to use all the power available, 
as a part thereof is absorbed by the set 
(efficiency = 70 %). 

Later on the S. N. C. F. carried out 
various similar tests and decided to use 
equipment consisting essentially of a set 
generating A.C. current at 80 periods 
driven off the battery or dynamo. 

The S. N. C. B. whilst aware of these 
applications did not find them very 
attractive and directed its investigations 
towards finding a solution that at first 
sight seemed much simpler, viz the use 
of fluorescent tubes supplied with low 
voltage D. C. current. 

A nominal voltage of 72 V was at 
once adopted; this enabled the tubes to 
light readily’ and was the same as the 
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voltage used on the railcars and rail 
motor coaches, and finally made it pos- 
sible to reduce appreciably the ampe- 
rages in play. 

The choice of this voltage however 
made it necessary to increase the number 
of cells in the coach batteries, and con- 
sequently the final voltage on charge | 
(105 V for a nickel-cadmium battery); 
it also limited the final discharge voltage 
of the battery (rupturing of the tubes). 

The power to be dissipated at the end 
of the charge by the regulator of the 
lights was thus appreciably increased 
(about 350 W for an installation of 
30 tubes) and the total capacity of the 
battery could not be utilised during 
discharge. 

To obtain economic fluorescent light- 
ing with direct current, clearly it would 
be necessary to suppress the lighting 
regulator and stabilise, even at a low 
temperature (-5°) the tubes between 
60 and 105 V by a static device based 
on the negative characteristic of the tube, 
so as to obtain a robust installation with 
tubes and static stabilisation gear with 
a life of at least 2 000 hours. 

Such was the problem put before the 
A.C.E.C. (*) and to the Philips works. 
In collaboration with these firms, inves- 
tigations were rapidly completed which 
led to the construction of a new proto- 
type meeting our requirements. 


2. Prototype equipment. 


The lighting equipment of an S.N.C.B. 
metal coach using 72 V D.C. fluorescent 


(*) Ateliers de Constructions Electriques de 
Charleroi - Belgium. 
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tubes consists of the following parts 
isi?) 
ee tee OSE ee SGroree40 Vamp. 
dynamo; 
— a control box for the dynamo with 
a circuit breaker; 
—— a /2.V> 85-amp./h. battery; 
— 30-15 W tubes working without 
starter or inductor coil. 


Requlateur 
dexcitalion 


+ 
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US 


francs; with A.C. the price would be 
about 88 000 Belgian francs. 


3. The 72 V fluorescent tube. 


In the present state of technical 
knowledge, it is not possible to get 
fluorescent tubes of more than 14 or 
15 W working properly with 72 V D.C. 


The principle now perfected by the 


Conjoncteur 
disjonc teur 


Tubes de sw 
ou 14Ww. 


Bigeos 


Explanation of French terms : 


Batterie 


Accumulator. — Régulateur d’excitation = Regulator of the generator. — 


Conjoncteur disjoncteur = Switch. — Tubes de 14 W ou 15 W = 14 or 15 W tubes. 


~ 72¥: 


Fig. 3. 


The present cost of this equipment 
complete and in working order (inclu- 
ding the cabling and protective hoods for 
the tubes) is 74000 Belgian francs. 
24 V incandescent lighting, giving a 
poorer light, would cost 90 000 Belgian 


above mentioned firms for supplying 
direct current to 14 or 15 W tubes is 
completely different from that used in 
the case of alternating current. ach of 
the two electrodes is normally connected 
to one pole of the 72 V battery (fig. 3). 
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By itself this voltage is insufficient to the open position, cutting off the pre- 


light up the tube. heating current. 
By closing the circuit-breaker 1 for a After it has been lit, the current in the 


short period, the preheating current runs tube is limited by the resistance D. 


Fig 4. 


Interrupteur general. 


Explanation of French terms : 
Fil d’allumage = Lighting wire. — Interrupteur général = General switch. 


4 Interrupteurs de 
i compartiment 


Interrupleur general. 


Explanation of French terms : 


Interrupteur général General switch. — Interrupteur de compartiment = Compartment 
switch. — Fil d’allumage = Lighting wire. 
through the electrode A. This current, The tube is put out by opening the 


limited by the resistance C heats the fila- circuit-breaker 2 for a moment. After 
ment A and causes the tube to light up. it has gone out, this circuit breaker can 
The circuit-breaker 1 is then returned to be closed without the tube lighting up 
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again. The resistances C and D are -If it is wished to let the train staff con- 
incorporated in a small lamp which is the trol the general lighting of the coach by 
only auxiliary electric component of the means of a single switch, a third wire, 
tube. Known as the lighting wire, is used. 


Fig, (6. 
This arrangement has the advantage Fig. 4 gives a diagram of such an 
of making it possible to get immediate instalation. 
lighting up, even just after the tubes have It is also possible to combine the 


been put out. general lighting with separate control of 
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each tube or group of tubes (fig. 5), this 
being the standard practice on the inter- 
national coaches where the lighting of 
each compartment can be controlled 
separately. 

The characteristics of the lamps in 
which the resistances C and D are incor- 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 79 


tubes with special filaments which do 
not require periodic inversion of the 
polarity. 

For aesthetic reasons, the S. N. C. B. 
selected tubes whose t’ of colour lies 
between 2 500° K and 2 900” K. 

After 100 hours running, the 72 V 


Bigeade 


porated make it possible to feed the 
installation at voltages varying between 
60 and 105. 

The equipment works correctly with a 
commercial 14 or 15 W tube designed 
for alternating current. 

However to prevent premature black- 
ening of the ends of the tube, the 
makers have been led to manufacture 


equipment has the following characte- 
ristics : : 


14 W 15 W 
Luminous fiux in lu- 
mens a 490 600 
Total consumption of 
equipment in watts 27 24 
Light output lumen/ 
Walt Ase tey oe Tks 22 
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Intensity of current in tubes and stabilising lamps is at least 
ordinary work: A. 0.37 0;335°~ 2,000 hours: 

Intensity of current at For the outer limits of the working 
TUpLUtes A ween, me) oO) 0.70 voltages of 60 to 105 V, the current and 

Voltage of electric luminous flux varies approximately 
Arc AV =e ea ae ee 45 —5% +12 %. 


Fig. 9. 


After 1 500 hours work, the luminous The 15 W tube is obviously the most 
flux falls to 400 lumens for the 14 W_ attractive both from the point of view 
tubes and 500 for the 15 W. of consumption and of light output. 

The average guaranteed life of the The S. N. C. B. has already ordered 
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fluorescent lighting equipment based on 
the above principles for 25 double elec- 
tric rail motor coaches which are to be 
put into service in the summer of 1950. 

It has also been decided to equip 100 
other coaches (50 of which are RIC) and 
60 railcars. 


4. Applications. 


A. — A double electric rail motor 
coach has been equipped with fifty-five 
14 W sets manufactured by the A.C.E.C. 
working at 72 V. 

Each 40 W lamp in the 3rd class car- 
riages, vestibules and W.C. has been 
replaced by a tube, and each 60 W lamp 
in the 2nd class carriages by 2 tubes 
side by side. 

The tubes are protected by a ribbed 
plastic transparent colourless hood, with 
an absorbant power of approximately 
LON oe 

The average lighting of the seats at 
horizontal reading level] m= 3" 3 3/8” 
above floor level) and 0.4 m (1’ 3 3/4”) 
away from the back of the seat is: 


Incandescent Fluorescent 


48 lux ISO) thebx 
34 lux 79 lux 


2nd class 
3rd class 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 81 


Fig. 6 shows the inside of a 2nd class 
compartment. 


B. — A 22 m (72’ 21/8”) metal 
coach (lIst-2nd classes) was equipped 
with forty 15 W sets manufactured by 
S. A. Philips working at 72 V. 


Each 40 W lamp in the 2nd class 
compartments has been replaced by two 
tubes side by side. In the Ist class 
compartments, 3 tubes have been used in 
place of one 40 W lamp and the four 
25 W reading lamps. 


Tubes have also been fitted in the 
vestibules, corridors and W. C. 


The tubes are protected by a plastic 
hood similar to those used in the double 
rail motor coach. 


The average lighting of the seats at 
reading level (1 m above floor level) and 
0.40 m from the back of the seat is: 


Incandescent Fluorescent 


2nd class Siem. lx 172) hx 

Ist class 2am LUX ONS) Ubbs 

The tube assembly is shown in fig. 7. 

Figures 8 and 9 are photographs 
showing a 2nd class compartment and 
the corridor respectively. 


[62082131 342) 


Testing new locomotives of the London, Midland & Scottish 
Railway (Great Britain) on the line. 


(Génie Civil, Ist June 1948,) 


Locomotives can be tested at a Testing 
Station or on the line by a dynamometer 
car with a train of wagons and one or more 
locomotives, called « regulators », the réle 
of which is to maintain the convoy at a 
constant speed for a constant indicated 
power, (opening of regulator, position of 
cut-off and control of the exhaust). 


at Vitry-sur-Seine, described in the Génie 
Civil of the 12th August, 1933. 

In Great Britain, the Great Western Rail- 
way installed a Testing Station at Swindon 
and another testing station was under con- 
struction for the London Midland & Scot- 
tish and London North Eastern Railways 
when War was declared. 


Fig. 1. — Interior view of braking unit. 


Compartment containing thyratron rectifiers which control the 
exciting of the main generators, the master control and the 


apparatus of the auxiliary generating set and the 


circuits of the braking units. 


The Testing Station has the advantage 
of being able to carry out trials at a con- 
stant power (power at the wheel rim), the 
duration of the tests is not limited, and 
can furnish very precise information under 
exactly similar conditions. 

The American Railways have various 
‘testing stations of this kind and the French 
National Railways have a Testing Station 


auxiliary 


Tests on the line, the first type employed, 
are less accurate and more difficult to 
execute Owing to the difficulties of driving 
the regulating locomotive and the inevit- 
able variations in certain factors from one 
test to another or even during the course 
of the same test; but are necessary in order 
that the locomotive may be studied com- 
pletely. Comparing their results with those 
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of the testing station enables the value of 
the running resistance to be accurately 
assessed. (See Génie Civil of the 16th May, 
1936, on this subject.) 


To facilitate the carrying out of these 
trials and increase their accuracy, in 1936 
the Research Department of the London, 
Midland & Scottish Railway (L.M.S.R.), 
proposed to replace the regulating steam 
locomotive by units equipped with electric 
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for use as emergency generating stations 
during the war. 


The braking units are carried on two 
four-wheel bogies, each coupled to a 
375 HP generator, capable of absorbing up 
to 1500 HP per unit. They only differ 
in method of suspending the generators 
and gear ratios which correspond to maxi- 
mum speeds of 80, 144 and 192 km per 
hour (50, 90 and 120 m.p.h.). They can 


Fig. 2. — Interior view of a braking unit. 


The auxiliary generating set, the 100 HP Diesel motor of which 
works the exciter, the generator which feeds the fan motors 
and that which charges the battery of accumulators. In 
front are the generators and, behind, the Diesel motor. 


generators acting as brakes. A constant 
speed can thus be automatically maintained 
by varying the exciting of the generators 
by means of regulators governed by a 
tachometer generator. 


The L.M.S.R. staff designed and then 
had constructed three vehicles of this type 
for using with a new dynamometer car and 
a tender specially fitted for measuring the 
consumption of coal and water used during 
the tests. Owing to hostilities, this rolling 
stock could not be placed in service until 
the end of 1947 (« Engineering » of 
3rd October, 1947, gives a detai‘ed descrip- 
tion), the braking units being converted 


be used singly or together, according to the 
power and speeds required for the test. 

The generators of the braking unit, 
designed for a maximum speed of 80 km 
per hour, are simply nose-suspended. 
Those of the other two braking units are 
mounted on bogie frames and connected 
to the axles by means of Andrews-English 
Electric flexible axle drives which enable 
vertical movement to take place and, at 
the same time, permit a certain amount 
of lateral movement. 

The generators in the same braking unit 
are excited by a single exciter, the voltage 
of which is regulated by means of the 
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tachometer generator of the dynamometer 
car in the following manner : 

The fixed voltage chosen according to 
the speed at which the test is to be carried 
out is balanced against the voltage of the 
tachometer generator and the difference 
between these two voltages is amplified 
and transmitted to the circuit of the 
thyratron rectifiers which control the exci- 
ting of the main generator. The braking 
units are connected to the dynamometer 
car by a conduit which connects the 
thyratrons to the amplifier which is fitted 
in this car. ‘The exciters can also be con- 
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leading drawhook. ‘This dynamometer is 
connected to a recording table on which 
is recorded the speed and the work accom- 
plished on a basis of either time~ or 
distance. The speed is measured by the 
voltage of the tachometer generator which 
governs, the exciting of the generators. 
This tachometer generator and the totaliser 
of the distance run are driven by an addi- 
tional unflanged wheel mounted on the 
leading bogie. 

The master control of the generators 
of the braking units is arranged on a desk 
panel which also is equipped with meters 


Fig. 3. — View of a locomotive under test. 


The anamometer and yane fitted at the end of a light tubular 
frame should be noted. 


trolled by the experimental staff by means 
of master controls arranged in the dynamo- 
meter car (fig. 1). 

The power generated by the generators 
is absorbed by banks of resistance grids, 
which are cooled by a current of air main- 
tained by fans. The motors of these fans 
and those which cool the generators are fed 
by an auxiliary generating set (fig. 2), the 
100 HP Diesel motor of which also works 
the exciter and generator connected in 
parallel with a battery of accumulators 
which supplies the lighting and heating 
when at a standstill. 

The dynamometer car has two four-wheel 
bogies. It is equipped with an Amsler 
hydraulic dynamometer coupled to the 


indicating the loading of each of the braking 
units. Another desk panel is fitted with 
the apparatus which repeats and records 
the indications of the control apparatus 
(thermometers, gauges) of the locomotive. 
The tender can hold three tons of pre- 
viously weighed coal in sacks for the tests, 
and three tons of coal in bulk for the 
mileage run outside the tests; the consump- 
tion of water is measured by a water meter. 
In order to study the influence of the 
direction and speed of wind resistance, a 
vane and anamometer is mounted on a 
light tubular frame fitted to the front of 
the locomotive (fig. 3), and the indications 
of these are transmitted electrically and 
recorded on the dynamometer table. 


[ 625 .231 (45) ] 


New rolling stock of the Italian State Railways. 


(Trasporti Pubblici, February 1949.) 


On the 13th February, 1949, the Italian 
Minister of ‘Transport, accompanied by a 
party of journalists, took part in a special 
run on a test train consisting of the fol- 
lowing : 

electric locomotive E. 248; 

heating wagon; 


oscillograph coach for taking technical 
measurements; 

saloon coach 78 on which the suspension 
was being tested; 

Cz type coach with a new system of 
electric heating and fitted with improved 
seats; 


Wig. 1, — Interior! of EB. T.R. series 


brake test unit fitted with quick action 
brake and anti-slipping device; 

two 4-wheeled coaches of the Ci typ: 
with tubular body, central door and 
streamlined; 

one C.I. type vehicle for secondary trains 
mounted on new articulated 2 wheel 


bogies; 


electric train recently constructed. 


Cz type coach with a new autonomous 
lighting system. 

A brief description of these vehicles is 
given later. 

The Vdlz brake test unit, which is spe- 
cially equipped for enabling extensive trials 
to be carried out on automatic compressed 
air brakes used on the different European 
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railway systems, had been fitted experi- 
mentally with a series of three centrifugal 
interrupters for the quick action brake and 
three inertia interrupters for apparatu; 
designed to prevent the slipping of wheels 
of vehicles. 

The former, by closing an electric circuit 
under special control, could vary the maxi- 
mum brake pressure at a certain speed to 
adapt it to that speed. 


The latter come into action and release 
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when the trains are composed solely of this 
new type. 

There are 76 seats in the two compart- 
ments which are accessible from the plat- 
form (with two additional seats on the plat- 
form itself). 

The large glazed windows 1010 mm 
(3' 4 5/32”) wide, open and are parti- 
cularly easy to work owing to the use of a 
new type of balancer. 


The coaches are equipped with electric 


Fig. 2. — Exterior view of 3rd class C. I. coach. 


a special pneumatic valve which tightens 
the brake shoes immediately slipping com- 
mences. 

This prompt action prevents the groo- 
ving of wheels and eliminates the detri- 
mental effect on the tyres. 

The new third class 4-wheeled coaches 
for local services haves the following cha- 
racteristics which differ from those of pre- 
vious types : 

a) they have a large central platform 
accessible from either side by means of 
two doors, which enable the quick embar- 
king and disembarking of passengers; 

b) the body is of welded tubular con- 
struction and in static tests has proved 
very rigid; 

c) the body has an air-stream end shape 
which reduces air resistance, especially 


lighting from accumulators and with steam 
heating. Provision has however been made 
for electric heating. 


They are mounted on swivelling axles 
fitted with a special arrangement for gul- 
ding the axles which facilitates working 
round curves. 


Designs are now being examined so that 
this type of suspension can be used on a 
normal bogie vehicle and good results have 
already been obtained. 


The oscillograph coach is a test coach 
fitted with special apparatus for technical 
measurement, especially oscillographs. 

During this test run, the variations of 
longitudinal, transverse and vertical acce- 
leration of the body of saloon coach S78, 
which immediately followed, were taken by 
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means of a portable « Hallade » apparatus 
placed in the coach. 

These accelerations displace proportion- 
ately predetermined metallic masses, in the 
apparatus, which are suitably positioned in 
the three directions meationed above. 

The styluses, connected to these masses 
trace On paper, at a constant speed, their 
variation. 

By this method, it is possible to compare 
the recorded accelerations of the vehicles 
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During the test run, the transverse and 
vertical movements of the body of the C. I. 
coach were taken in relation to one of the 
axles of the vehicle whilst running. 

These movements are transmitted by 
special calibrated wire into variations of 
the electric current and by means of the 
Siemens oscillograph are shown on photo- 
graphic paper. 

The special rubber suspension of coach 
Cz, which is of the most modern type of 


Fig. 3. — Interior of C. I. 3rd class coach. 


whilst moving with a view to studying the 
best means of improving the running. 

For the same purpose, and to complete 
the information, it is generally necessary 
to know (at the same time), what are the 
actual displacements between the various 
suspension details of the vehicle under 
observation. This is carried out by means 
of a Siemens oscillograph if the oscillations 
are not at too high frequency or a thermo- 
ionic oscillograph when the contrary is the 
case, which are installed in the specially 
fitted-up oscillograph coach. 


construction, consists of four nests of 
springs arranged between the axle and the 
body of the vehicle. 

Three of these nests, in steel and rubber, 
carry the vertical suspension of the coach 
whilst the fourth, which is of rubber, pre- 
vents vibration at high frequency being 
passed from the bogie to the body of the 
coach. 

In these modern bogies, the rubber 
springs, which consist of rings separated 
by metallic discs, are generally arranged in 
parallel with steel springs. 
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Rubber suspension of coach Cz is a com- 
promise in the division of loads between 
the rubber and steel springs. 

This arrangement enables better running 
of the vehicle to be obtained, particularly 
with speeds higher than 100 km (62 miles) 
per hour, 

This vehicle is fitted, for trial, with two 
steam heating couplings of a new standard 
type, conforming to recent international 
agreement. 

This standard type, with which the 
whole pool of vehicles will soon be fitted, 
consists of three elements made entirely of 
metal, articulated by a spherical joint. 
Special rubber washers ensure the correct 
working of these under the most adverse 
conditions. 

The vehicles are also fitted with self- 
contained lighting equipment which is an 
innovation for Italian coaches. Up to the 
present, the electric lighting of railway 
coaches was by moveable accumulator bat- 
teries, which had to be changed every time 
they became discharged so that they could 
be recharged at the appropriate fixed 
plant. This method of feeding, although 
it has the advantage of simplicity of instal- 
lation on the coaches, is insufficient if 
good lighting is required. 

The Italian State Railways, in accordance 
with their programme to adopt all impro- 
vements made possible by technical ad- 
vance, are at the moment replacing this 
system by the more modern method of a 
dynamo attached to the axles which will 
bring them into line with the most modern 
railways of other countries. 

The Italian State Railways Design Office 
has designed a new type of tension regula- 
tor for the dynamo which is cheaper than 
other types to-day on the market and 
reduces considerably the cost of each of the 
machines. 

These are now being tested in service, 
the results of trials with the prototypes 
having been excellent. 

Regarding the heating of vehicles during 
winter, the design of an electric heating 
system is now at the experimental stage. 
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With the present tendency to form trains 
of a large number of coaches, steam heating 
has proved insufficient as the heat does not 
extend to more than the 10 or 12 first 
vehicles, even if the couplings are in per- 
fect condition. 


In addition, in electrically driven trains, 
a special boiler mounted in an appropriate 
vehicle called a heating van, is necessary 
for steam heating. 


With this system numerous personnel are 
needed not only for working the boilers 
but also at the depots and for maintaining 
these vans. 

The inconvenience caused at marshalling 
yards by the shunting necessary to haul 
these heating vans, which are not self- 
propelled and must be hauled by locomo- 
tives to the front or rear of trains cannot 
be too strongly emphasised. 

It is for this reason that electric heating 
is replacing steam heating, not only in 
order that trains may be uniformly heated 
but also to economise in personnel, parti- 
cularly during the winter season when the 
need is generally greater. This is apart 
from working economies which may be 
realised. 


This system has already been adopted by 
certain railways in other countries (Switzer- 
tand and France), and already a 100 Ita- 
lian coaches, for international service, have 
been equipped so that they can take and 
use current on these railway systems. 


International agreements lay down that 
they must be able to take current for heat- 
ing at 3000, 1500 and 1000 V. The elec- 
tric heating of Italian trains commenced 
in 1948 when a small group of coaches was 
put into traffic. As these were not for 
international services they were only equip- 
ped for taking 3000 V current which is 
that used for Italian locomotives. 

It has been decided, gradually and pro- 
gressively, to alter all coaches for internal 
traffic in Italy, in accordance with this sys- 
tem. 


Experience was gained, during the 1948- 
1949 winter, which was based on results 


FEBRUARY 1951 


of trials made the previous year. 40 trains 
working on the D.C. electrified system have 
already been fitted with electric heating at 
3000 V. 


The radiators are placed under the seats 
and in each compartment is a regulator 
under passengers control. It was hoped 
that experience would prove definitely the 
types and details of construction required. 

During 1950, electric heating will be 
extended by putting into service a number 
of coaches which, if all goes according to 
plan, should reach about a thousand. 


A considerable number of electric loco- 
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motives must be put in order to haul the 
trains. 


The heating system of Italian trains can 
only be gradually altered; new rolling stock 
is still fitted with both systems of heating, 
electric and steam. 


The trial during the 1948-1949 winter 
met with the general approval of passen- 
gers, who gave the new system a very warm 
welcome. 

Electric heating is a real step forward 
towards the general increase in comfort, 
which the State Railways have made their 
aim throughout their administration. 


[ 621 .438 (73) ] 


The experimental coal-burning gas turbine, 


by John I. YELLorT, 


Director of Research, Locomotive Development Committee + 


(From the Railway Age, April 15, 1950.) 


The most pressmg need for a_coal- 
burning gas-turbine power plant is in the 
locomotive field, where bituminous coal 
continues to be the cheapest fuel. Since 
1945, coal’s cost per million B.t.u. has risen 
from 12 cents to approximately 18 cents, 
waile Diesel oil has climbed from 50 cents 
to 69 cents per million B.t.u. The cost of 
residual oil has fluctuated widely, and for the 
western roads, but not the eastern, it has fre- 
quently been cheaper than coal. The cost of 
the fuel required to pull a train depends as 
much upon the thermal efficiency of the 
locomotive as upon the price of fuel. 
Coal was formerly cheap enough to com- 
pensate for the low efficiency of the steam 
locomotive, and even today a few roads 
can show that steam is still their most 
economical motive power. In most cases, 
however, the highly efficient Diesel-electric 
locomotive shows large savings over steam 
equipment. The gas turbine, because of its 
ability to use low-cost fuels with good 
efficiency, is a formidable competitor of the 
Diesel-electric locomotive for road service 
Except at idling, the coal-burning gas- 
turbine locomotive is expected to cost much 
less to operate than any of its competitors. 


In road service where the average load 
is 60 to 75 per cent of full power, the coal- 
burning turbine should save $ 12 to $ 15 
per hour over the Diesel’s fuel cost. An 
annual fuel saving in the order of $ 50 000 


per locomotive can be expected at present 
fuel prices. This is the economic justifica- 
tion for the eastern railroads’ efforts to 
develop the coal-burning gas _ turbine. 
More broadly, the vastly greater world- 
wide coal reserves, as compared with oil, 
give long-range significance to the program 
of the Locomotive Development Committee 
of Bituminous Coal Research, Inc. 


Small-scale component development. 


The coal-burning gas-turbine plant is 
the result of four years of work, during 
which all of the necessary components were 
first tested on a small scale at atmospheric 
pressure. Simultaneous attacks were made 
upon the problems of coal handling, com- 
bustion, and ash removal. 


[The author here described the various 
research projects, the results of which have 
led to the present status of the locomotive 
equipment. These included the study of 
preparation, pressurizing, pulverizing and 
combustion on a small scale at Johns— 
Hopkins University; a study of combustion 
at atmospheric and elevated pressures at 
Battelle Memorial Institute (!); a study 


(1) « Experimental Combustion of Pulverized 
Coal at Atmospheric and Elevated Pressures », by 
H. R. Hazard and F. D. Buckley, Transactions of 
the American Society of Mechanical Engineers, 
August, 1948. 


An abstract of a paper presented before the Midwest Power Conference at Chicago on April 7. 


+ The Locomotive Development Committee is composed of the chief executive officers of the Baltimore 
and Ohio; Chesapeake and Ohio; Tlinois Central; Louisville and Nashville; New York Central; Norfolk 
and Western; Pennsylvania; Virginian; New York; Chicago and St. Louis; the M. A. Han a Company; 
Island Creek Coal Company; Pocahontas Fuel Company; Pittsburgh Consolidation Coal Company ; 
and the Sinclair Goal Company. Roy B. White, president of the B. & O., has been chairman of the 


committee since its formation in 1944, 
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of the fly-ash problem ('), methods of im- 
proving performance of the coal atomizer, 
partial gasification of coal, and pressurizing 
finely crushed coal all at the Institute of 
Gas Technology at Chicago. The effect 
of sulphur in coal on stainless steel was 
investigated at Purdue University (no 
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hour (1). A larger version of the Johns 
Hopkins coal system was constructed, using 
a standard stoker piston coal pump to 
pressurize the coal. 

Feeding of crushed coal from the pres- 
surized storage tank was accomplished by 
the use of a variable-speed screw. A coal 


The Allis-Chalmers Houdry process coal-burning gas-turbine installation at the Dunkirk, 
N.Y. plant of the American Locomotive Company. F. D. Buckley (standing, center) 
is the manager of this installation. 


measurable effect was found on the gas- 
turbine conditions up to | 800 deg. F.). 
Southern Research Institute developed an 
air-balanced device for determining feed 
rates from a pulverized coal tank. — 
Editor. | 

By mid-1946 a pilot plant had been 
installed at the Dunkirk, N. Y., plant of 
the Alco Products Division of American 
Locomotive Company, where coal could 
be burned under pressures as high as 60 lb. 
per sq. in. gage at rates up to | 000 Ib. per 


(1) « Studies on Fly-Ash Erosion » Fisher and 
Davis, Mechanical Engineering, June, 1949, page 481. 


atomizer was used for pulverization. Shop 
air at rates up to | 000 lb. per min. was 
available to burn the coal, cool the combu- 
stor, and chill the ash. A battery of small 
centrifugal separators removed most of the 
fly ash before the heated air was released 
through a pressure-reducing valve and 
allowed to pass through a turbosupercharger 
to determine the effect of the remaining 
ash upon high-speed turbine blades. 


(1) The « Coal-Burning Gas-Turbine Locomo- 
tive », by J. I. Yellott, C. F. Kottcamp and P. R. 
Broadley, 1947 annual meeting. American Society 
of Mechanical Engineers. Abstracted in January 
31, 1948, Railway Age p. 254. 
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Operation of the pilot plant disclosed a 
number of major problems which had 
not been discovered in small-scale opera- 
tion at atmospheric pressure. Most serious 
was the fact that, with 90 per cent combus- 
tion efficiency, the best then obtainable 
with cold-wall combustors, the carbon 
remaining in the ash burned vigorously in 
the fly-ash.separators. In a ceramic-wall 
slagging combustor, in which efficiency of 
combustion consistently approached 98 
per cent, about half of the ash appeared 
as slag in lumps of moderate size. The 
remaining fly wash was sufficiently low in 
carbon content to be harmless to the fly- 
ash separators. 


Work is continuing on an atmospheric- 
pressure, full-scale, horizontal ceramic com- 
bustor. For low-ash-fusion and low- 
volatile coals the ceramic tube shows 
considerable promise. The all-metal com- 
bustor will be used, however, in the first 
tests of the actual locomotive power plant. 


Full-scale tests of components. 


Small-scale, low-pressure tests showed the 
necessity of working with full-scale equip- 
ment under actual gas-turbine conditions. 
This phase of the work was undertaken 
in conjunction with the Turbodyne Cor- 
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Variations of fuel cost per hour with the load — 
4 500 HP gas-turbine locomotive. 


poration, a subsidiary of Northrop Aircraft, 
at the Kaiser steel mill, Fontana, Cal. 


During the summer of 1947 coal-handling 
equipment of locomotive size was installed 
at Fontana. Coal from a locomotive stoker 
was fed through a hammer mill and a 
slide-valve lock hopper into a large, high- 
pressure tank. The system was first operated 
under pressure in December, 1947, and in 
the months which followed it became 
evident that film-cooled metal combustors 
could be used with acceptable range, 
efficiency and life. 


Feeding from a pressurized tank appeared 
to be impractical on a large scale, and, 
consequently, an attack was made on the 
problem of continuously pressurizing finely 
crushed coal. A rotary pump was deve- 
loped in which extremely close clearances 
were maintained by a refined mechanical 
design. Such a pump proved practical for 
transferring coal from an atmospheric pres- 
sure source into a line at pressures up to 
140 Ib. per. sq..in. 


Two-stage ash removal. 


Because of the extremely wide size range 
of the ash-particles, it was found necessary 
to use a two-stage ash-removal system. A 
louver separator was used as the first stage 
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Arrangement of the combustion and ash-separation equipment of the Dunkirk Houdry gas-turbine 
installation. 
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The coal-supply system which will be installed on the Locomotive Development Committee’s gas-turbine 
locomotive. , 


to concentrate the large particles of ash into 
a small quantity of flowing air, which was 
then blown down to atmospheric pressure 
through an aspirating nozzle. The quench- 
ing of the incandescent ash particles by 
the aspirated cold air prevented the burn- 
ing of the separator on this blow-down line. 

As a second stage of fly-ash removal, a 
battery of small cylindrical separator tubes 
of the straight-through type was employed. 


These tubes caused most of the dust to be 
removed by imparting a vigorous spin to 
the air and dust and drawing off the 
concentrated solid particles in a _ small 
secondary stream of air. Again, the con- 
tinuous blow-down method was used to 
dispose of this dust. Extensive tests of the 
ash removal system indicated that very 
few particles larger than 20 microns in 
diameter were getting through the system. 
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The Houdry turbine at Dunkirk. 


The United States Bureau of Mines made 
available to the committee a MHoudry- 
process gas-turbine plant, originally des- 
tined for a Russian oil refinery. The air 
compressor of the Houdry unit takes air 
from the atmosphere through a metering 
section and a silencer, ‘The discharge of 
the compressor is divided into two lines, 
one of which contains the coal combustion 
system and the fly-ash separators. The 
other line contains an oil-burning system, 
so that the unit may be started on oil and 
then transferred to coal. One of the illus- 
trations is a plan of the arrangement. 

To simulate the performance of one of the 
twin combustors which will be used with 
the 4200 HP locomotive turbine, the air 
flow from the compressor can be divided 
so that approximately 93 000 lb. per hour 
will pass through the coal side, while the 
remaining 113000 lb. passes through the 
oil side. An oil-fired air preheater is also 
installed on the coal side, to provide the 
temperature rise which will be encountered 
in the regenerator of the locomotive gas 
turbine. The coal-burning and ash-removal 
equipment is made entirely of stainless steel, 
so that it can be safely operated at 1 300 
des. F. 

The coal-burning combustor currently 
in use at Dunkirk consists of telescoping 
cylindrical sections of stainless steel, 1/8 in. 
thick, supported by external girders. <A 
riveted construction was originally em- 
ployed, but was replaced because of the 
building up of ash deposits in the wake 
of each rivet. Combustor cooling is accom- 
plished by admission of air at slots between 
adjoining rings. Mixing of excess air with 
the products of combustion takes place 
through large holes in the last 30 in. of 
combustor length. 


Admission of coal to film-cooled com- 
bustors has received much study, and the 
burner currently in use is a Dunkirk 
modification of a multi-jet device originally 
used at Battelle Institute. The combustion 
efficiency obtained with this arrangement 
has consistently exceeded 95 DCLMEGemins 
Coal has been burned in this combustor 
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at rates up to | 800 lb. per hour. After 
a continuous test of 32 hours, the combustor 
was found to be relatively clean and com- 
pletely undistorted. Development is going 
forward to improve this type of combustor, 
so the gas turbine can be operated on coal 
without need for an oil pilot flame. 

The louver separator which forms the 
first stage of the ash-removal equipment, 
also built by Turbodyne, has withstood 
several hundred hours of operation with- 
out any visible deterioration. It removes 
approximately 50 per cent of the solids 
contained in the combustion products, 
and also effectively eliminates stratification 
in the heated air leaving the combustor. 

Final removal of the fly ash is accom- 
plished by a battery of 18 American Blower 
Type ST separators. Approximately 90 
per -cent of the 20.000 cu: fj per. mig: 
discharge from the combustor passes directly 
through the tubes, transferring most of the 
remaining dust into approximately 10 per 
cent of the air stream which passes through 
the secondary tubes. This dust is con- 
centrated again into approximately one 
per cent of the original air stream, which 
is then blown down through a small nozzle. 
The remaining nine per cent, containing 
fine dust not removed in the secondary 
collection system, can be readmitted to the 
main stream as it passes toward the turbine. 

Mixing relatively cool air from the oil- 
heater side with the 1 300 deg. F. flow 
from the coal-burning equipment is accom- 
plished by a mixing zone which is virtually 
the same as the cooling section at the end 
of the combuster. ; 

At a firing rate of 1 800 lb. of coal per 
hour, the heat release is approximately 
750 000 B.tu. per hour per cu. ft., or 
6000 000 B.t.u. per hour per sq. ft. of 
cross-section area. Under these conditions, 
the combustor runs relatively cool and clean. 
There has been very little slagging in the 
combustor, and virtually all of the ash 
appears as a fine dry powder suspended in 
the combustion products. 


Coal preparation equipment. 


The coal for the Houdry gas-turbine 
plant is provided, first, by an Iron Fireman 
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stoker which supplies coal in minus 2-in. 
lumps to a Whiting high-speed impact 
mill which includes a fan and a classifer. 
The fine coal, 97 per cent — 100 mesh, 
flows with the coveying air upward through 
an 8-in. pipe into a coal separator in the 
top of the pulverized coal-storage tank. 
This separator is a combination of two 
American Blower Type ST 361 tubes and 
a louver. The cleaned air is returned to 
the pulverizer. The vented air, always 
required in a closed circuit system, is the 
secondary flow from the American Blower 
tubes. Make-up air is provided through 
an opening at the inlet of the pulverizer. 
The level of coal in the tank is controlled 
by a single Fuller rotary level indicator 
located just below the coal separator. This 
controller starts and stops the motor on 
the pulverizer feeder. The stoker operates 
in response to a level control on a small 
hopper from which the pulverizer feeder 
takes its supply. 

Feeding of the coal is accomplished by 
a variable-speed drum feeder. The pulver- 
ized coal in the storage tank is highly 
aerated, and its bulk density is as low as 
20 lb. per cu. ft. This coal is fluidized to 
such an extent that it will flow very readily 
through even the smallest crevices. Some 
difficulty has been encountered from leaks 
in the feeder, and this problem is still 
undergoing vigorous study. 


The continuous pressurizing of the coal 
at whatever rate may be established by the 
feeder is accomplished by the rotary coal 
pump. It appears that the blow-through 
feature of the pump developed by the 
Turbodyne Corporation at Fontana is 
essential. The pulverized coal is carried 
from the bottom of the pump to the com- 
bustor by compressed air flowing in a 
1 1/4 in. line. 
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Future work with the Houdry unit. 


The Houdry unit was installed for the 
dual purpose of demonstrating that coal can 
be successfully used as fuel for a full-scale 
gas turbine and as a research installation 
to permit development of improved coal- 
handling, combustion, and fly-ash-removal 
equipment. At present it is being operated 
as many hours as possible each week to 
determine the effect of the unremoved 
fine dust upou the blades of the turbine. 
After the first 150 hours of operation, 
inspection of the last row of blades, made 
by entering the turbine through the exhaust 
duct, indicated no damage whatsoever. A 
very thin layer of fine dust adheres to the 
blades, but there is no evidence of any 
impairment of the turbine performance. 
The Houdry turbine is operating at a 
temperature much lower than a power- 
generating gas-turbine, and it will not be 
safe to conclude that the problems of ash 
removal are solved satisfactorily until a 
full-scale, full-temperature gas turbine has 
been operated on pulverized coal _ for 
thousands of hours. 

It is the intention of the Locomotive 
Development Committee to push the project 
to completion as rapidly as possible. The 
first experimental locomotive will be com- 
posed of two units, with the power plant 
mounted on one and the coal preparation 
equipment, shown in one of the illustrations, 
on the other. The Allis-Chalmers 4 200 
HP gas-turbine power plant has undergone 
preliminary tests. It will be moved to 
Dunkirk soon for extensive stationary tests 
in an installation which will duplicate in 
every important particular the arrangement 
in the locomotive. If these tests are satis- 
factory, the power plant will be installed 
in a locomotive and extensive road _ test 
undertaken. 


[ 621 .438 (42) ] 


British Railways first gas-turbine locomotive, 


Brown-Boveri 2500 HP locomotive for the Western Region incor- 


porating a single-stage open-cycle turbine with heat exchanger. 
(The Railway Gazette, May 5, 1950.) 


The Brown-Boveri gas-turbine locomo- 
tive, built for the former Great Western 
Railway Company and recently delivered 
to the Western Region, British Railways, 


is about to go into service. The locomo- 
tive arrived in this country during the 
first week-end of February. Since then it 
has made a number of trial runs and has 
been subject to the usual tests. 

The locomotive is double ended; two 
identical cabs giving unobstructed lookout 
are provided. ‘The power unit, consisting 
of gas turbine, compressor, heat exchanger, 
combustion chamber, and geared generator 
assembled on an auxiliary frame, takes up 
the larger part of the machine room, 
which is partially sub-divided by the air 
intakes to the compressor. 

At the combustion chamber end is the 
auxiliary diesel-generator set, the train- 
heating boiler, and one of the traction 
motor fans. ‘The other fan is placed at 
the main generator end, together with the 
mechanically-driven and the motor-driven 
exhauster-compressor sets for the brakes. 

Fuel oil, lubricating oil, and water are 
carried partially in the roof and partially 
in the middle portion of the main frame. 


Principal dimensions. 


The main) technical datay of) the locos 

motive are as follow: 
GaUS Cry canst ar eee eRe 4 ft. 8 1/2 in. 
Rena thmOveieDUichs ae =e 63 ft. O in. 
Mews, JoYeidnty ino TAS oo 2 os 3 13 ft. 4 in. 
Diameter of driving wheels ... 48 1/2 in. 
Diameter of carrying wheels .. 38 in. 
Continuous rating of gas tur- 

bine LUNit, Paneer a ee 2 500 HP 


Tractive effort at wheels : 


Durinieestancin ca eee 31 500 Ib. up to 


abt. 21 m.p.h. 
Gontinuous|yaeee =a 12400 lb. at 
64 m.p.h. 
8400 Ib. at 
90 m.p.h 
Marin ernnins ec ie 90 p.m.h 
Number of driving axles and 
Traction O Onsale 4 
Weight of mechanical part 118 000 lb. 
» (oT MEE oe oc 72 000 Ib. 
» electhicalls aha 53 000 Ib. 
Weight of stores (fuel, water, 
Sal ae ClC)) ma 17 000 Ib. 
Weights peta cos == 43 000 Ib. 
ANGITESIVE WEIEIME os coo ano oes oe 174 000 Ib. 


Buel cpg) ee oan Heavy fuel oil 
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The mechanical part supplied by the 
Swiss Locomotive & Machine Works con- 
sists essentially of two identical three-axle 
bogies, the main frame, and the coach 
body supported thereon. 

‘The frame and transverse beams of the 
bogie are of tubular section, made of high- 
grade steel and welded throughout, as 
shown on page 98. Care has been taken 
to avoid excessive concentration of stress. 
The bogie frame rests on the axle boxes 
through helical springs. 

The axle boxes have SKF roller bearings 
and are guided by two vertical cylindrical 
pins. These pins are case-hardened and 
ground. Screwed inside them are rods for 
holding the boxes in a downward position 
and for fixing the friction dampers. To 
damp out vertical oscillations a dry fric- 
tion damping device is provided under- 
neath, the amount of damping of which 
can be adjusted. 

The two outer axles on each bogie are 
each driven by an electric motor through 
gears; the centre axles on each bogie are 
carrying axles. The driving axles are held 
sideways on the driving side only, the out- 
side race of the roller bearing being held 
there between the two covers of the bear- 
ing. On the other side the roller bearing 
is provided with a certain amount of side 


play. 


New bogie design. 


The arrangement for the support of the 
body and the transmission of the tractive 
and braking forces are shown in the sec- 
tional drawing, which gives a _ cross-sec- 
tional view of this new design of 3-axle 
bogie with lateral play of the middle axle 
as developed by the Swiss Locomotive 
& Machine Works, Winterthur. 

As will be seen from the same drawing, 
the body rests at each side on the two 
corresponding springs 12 and 13 through 
the supports 17 and 18 lodged in buckets 
forming one piece with the buckle of the 
springs. These buckles and consequently 
their springs 12 and 13 are made to move 


5 
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integrally with the main frame by the 
links 16. The ends of the springs forming 
one pair are connected by equalisers 11 
which transmit their load to the frame 
through the inclined swing links 14. They 
are also joined to each other by means of 
the floating beams 10 which, for sideways 
movements, make them move integrally 
with the body by means of the coupling 
links 9 and the cross-head 5. All articula- 
tions between the body and the bogies 
for controlling lateral and longitudinal 
motions, are fitted with silentblocs. To 
allow of the side play of the middle axle, 
the axle box 21 is separated from the 


View of driver’s cabin showing the controls. 


24 and the vertical load is trans- 
mitted from the box to the guides by 
means of the floating beams 22 and 23 
which also exert on the axle at the same 
time a certain centring force. 

The driving motors transmit their 
torque to the wheels through the Brown- 
Boveri individual axle drive with quill 
stump and spring coupling. With this 
drive a considerable reduction is achieved 
in the total unsprung weight in contra- 
distinction to nose-suspended motors, be- 


guides 
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cause it allows the motor and gear to be 
rigidly fixed to the bogie frame. 

The unsprung weight is thus reduced to 
a minimum, comprising only the wheels, 
axle, axle boxes, and the carrier disc. In 
addition, the spring drive gives the possi- 
bility of utilising very high-speed driving 
motors of big output and light weight. 

‘Transmission of the torque to the driv- 
ing axle is on one side only; see illustration 
on page 99. The working principle of 
the Brown-Boveri spring drive can be 
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spring cups. The lips 5 on either side of 
the rim of the gear wheel form the sides 
of the spring cups. ‘The two ends of each 
coupling spring are formed by caps which 
are guided in the cups. A carrier disc 8 
pressed on to the axle, and the 8 rugged 
spider arms of which press on the spring 
caps, forms the coupling between the big 
gear wheel and the driving axle which 
can move vertically. ‘The coupling springs 
are compressed when relative movement 
occurs between the carrier arms and the 


Showing the bogie frame of tubular construction, centre pivot, and side bearers. 


seen from diagrammatic views of the axle 
drive illustrated on pages 103 and 104. A 
quill stump 1, secured to the housing of 
the motor, surrounds the driving axle 7 
with sufficient play to leave complete free- 
dom to the relative movements of the dri- 
ving axle and the underframe. The gear 
wheel 3, driven by the motor pinion 2, is 
carried by two spherical roller bearings 
mounted on the quill stump. The trans- 
mission of the torque from the gear wheel 
to the driving axle is flexible through 
8 coil springs 4, which are built into the 


gear wheel. Stressing of the springs due 
to centrifugal force can be disregarded 
because the springs press on their whole 
length against the outer wall of the spring 
cup. The whole gear with springs and 
sliding surfaces of the spring caps is pro- 
tected from dust and dirt by a closely- 
fitting gear. case 6, which also allows of 
effective lubrication of the teeth and of 
all moving parts. The lubricant (oil) is 
taken up by the gear wheel and main- 
tained in constant circulation over all vul- 
nerable parts. 
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The underframe of the locomotive is 
carried on the bogie bolsters as previously 
explained. The underframe girder is 
welded throughout and built up of 
constructional steel sheet. The cross 
stretchers and stiffeners are secured by 
rivets. Built into the underframe between 
the bogies are the tanks for water, heavy 
fuel, and lubricating oil. Fixed to this 
section of the underframe are also com- 
partments for the storage battery and 
pump sets. 

The auxiliary frame carrying the entire 
thermal power unit is supported in the 
main frame on a three-point suspension. 
The arrangement prevents the elastic dis- 
tortions of the locomotive from _ being 
transmitted to the auxiliary frame and 
thus to the thermal unit, and secures a 
very steady riding of the locomotive. 

The sections of the locomotive body, 
that is, the side panels as well as the roof 
sections, are bolted to ribs (continuous or 
in sections where necessary), whereby suf- 
ficient elasticity of the whole structure is 
secured and the body as a whole can 
follow the deflection of the locomotive 
main frame, which amounts to approxim- 
ately 3/8 in., without distortion of the 
individual parts. 


Coach body. 


The coach sub-divided by 


body is 


Floating beams ard helical springs. 
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Gearwheel mounted on axle and quill stump 
for fixing to motor housing. 


tightly-fitting partition walls into two 
closed-off driver’s cabs and the engine 
room. Each cab has two side doors and 
a third one leading to the machine room, 
which is provided with two side gangways. 
The two driver’s compartments are riveted 
to the main frame, whereas the middle 
part of the body is bolted for its whole 
length to the floor plating of the frame. 
With the exception of those of the train- 
heating boiler compartment, all side panels 
can be remoyed from the body frame on 
the outside so that the greatest possible 
accessibility to the power unit and ap- 
paratus is provided. ‘The central portion 
of the side walls is occupied by the oil 
cooler assembly consisting of three coolers 
on each side. As regards the frame of the 
body itself, the main body xibs between 
the compartment for the steam-heating 
boiler and that for electrical apparatus can 
also be removed so that the complete 
power unit, including generator and com- 
bustion chamber, can be placed in position 
from above. 

The roof sections over the train-heating 
boiler and over the power unit are remoy- 
able to facilitate the erection of the larger 
parts of the equipment. The roof above 
the combustion chamber is provided with 
ventilation louvres, and the part over the 
heat exchanger with longitudinal baffled 
slots which allow the exhaust gases to 
escape without permitting rainwater to 
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enter. ‘The roof portions above the auxi- 
liary diesel and the rear cab accommodate 
service tanks for water and light fuel oil. 

The locomotive has a compressed-air 
brake system for the locomotive and 
vacuum brake equipment for the train. 
This arrangement was necessary because 
the restricted overall dimensions to which 
the locomotive had to be built precluded 
the use of vacuum equipment on the 
locomotive. The two systems are so com- 
bined that by the operation of one control 
handle by the driver the brakes are simul- 
taneously and proportionately applied 
both on the locomotive and on the train. 
In addition, however, the driver has at his 
disposal a second brake handle which acts 
only on the locomotive pressure brakes, 
which affords particularly smooth and 
exact braking of the locomotive when 
engaged in shunting or running light 
engine. 

The compressed air for the engine brakes 
and pneumatically-operated apparatus and 
the vacuum for the train brakes are gener- 
ated by two reciprocating exhauster-com- 
pressor sets; one is electrically-driven, and 
the other belt-driven from an extension 
of the generator shaft. 


Brake-rod arrangement. 


The  brake-rod arrangement of each 
bogie is divided into two independent sets, 
each actuated by a separate brake cylinder 
which allows of considerable simplification 
and unification of the different parts. The 
brake cylinders are located underneath the 
outside cross stretchers of the bogie frame. 
The hand brake is each cab acts on the 
neighbouring brake set of the correspon- 
ding bogie. Electrically-controlled pneu- 
matic sanders are provided for the driving 
wheels. 


The gas-turbine power unit. 
A single-stage open-cycle gas turbine 


with heat exchanger is used for the power 
unit, a cross-section drawing of which is 
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shown. ‘The air is aspirated by the com- 
pressor, compressed, passed through the 
heat exchanger where it is preheated, and 
delivered to the combustion chamber. 
There, one part of the air is used for the 
combustion of the fuel oil injected under 
pressure, whilst the remaining and by far 
larger portion of air serves for cooling the 
side walls of the combustion chamber and 
for reducing the gas temperature at tur- 
bine inlet to the value determined by the 
heat-resisting qualities of the blade mate- 
rial and the long service life demanded for 
such a plant. The hot gases expanding 
in the gas turbine produce mechanical 
work, part of which is used to drive the 
compressor, and the rest, forming the 
actual useful output, transmitted to the 
main generator through a reduction gear. 
Before escaping through the roof to at- 
mosphere the turbine exhaust gases pass 
through the heat exchanger, giving up part 
of their heat to the compressed air on its 
way to the combustion chamber, which 
brings about a corresponding reduction in 
fuel consumption. 

The air is aspirated through openings 
symmetrically placed in each side wall of 
the locomotive and connected to the air 
intakes of the compressor by two enclosed 
ducts. This has been done to prevent the 
combustion air becoming mixed with oil 
vapours or preheated in the machine room. 
The casing of the multi-stage axial flow 
compressor is of cast steel and rests on 
the auxiliary frame, which also carries the 
gas turbine and the generator with gear. 
The compressor blades are of special steel. 
The air outlet pipe from the compressor 
is provided with several expansion joints 
to deal with the different expansions of 
the gas-turbine set and the air heater. The 
latter consists of a great number of tubes 
expanded at both ends into tube plates. 

In contradistinction to plants derived 
from aircraft design there is only one com- 
bustion chamber, which is lined with 
removable sections of special steel. The 
fuel is delivered by a separate pump set 
and sprayed into the combustion chamber 
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by a single centrally-located injection 
nozzle of special design. ‘Che combustion 
air is admitted to the spray through swirl 
vanes. ‘The set is started up on light fuel 
(diesel) oil, and when thoroughly warmed 
through is changed over to heavy fuel-oil 
for normal service. 

To obtain good atomisation in the 
burner nozzle, the high-viscosity heavy-fuel 
oil used is preheated in a system of tubes 
placed in the stream of the exhaust gases. 
The flame in the combustion chamber is 
ignited at starting of the set by an elec- 
trically heated ignition element. As _ the 
combustion gases pass down the combus- 
tion chamber they are gradually mixed 
with the excess air until a uniform tem- 
perature is reached at the gas-turbine 
inlet. 

The inlet casing of the multi-stage reac- 
tion-type gas turbine is of special cast steel, 
and the blades of a special heat resisting 
alloy. Stainless steel has been used for 
the slotted roof portion over the heat 
exchanger through which the exhaust gases 
leave the locomotive. "To reduce radia- 
tion losses all parts of the power unit 
are lagged and covered with aluminium 
sheeting. 

The gas turbine and the air compressor 
are each supported by two journal bear- 
ings; the compressor end bearing is a com- 
bined journal and thrust bearing to take 
up any residual axial forces of the set. 
The generator is driven from the com- 
pressor shaft through a single helical 
reduction gear equipped with a special 
collar to take up the axial thrust due to 
the inclination of the teeth. Pinion and 
compressor shaft are connected by a 
toothed type coupling. All bearings of the 
thermal-electric unit are lubricated by oil 
under pressure supplied from a_ direct- 
driven gear type oil pump located in the 
main gear case. Fin type oil coolers are 
mounted in the air intake openings in the 
side walls of the locomotive. 


Power unit data. 


The following are the main technical 
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data of the gas-turbine power unit at full 
load. 


Compressor delivery pressure.. 36 Ib./sq. in. g’ 
Gas turbine inlet temperature.. 1 100° F. 


Exhaust gas temperature ...... Abt. 480° F. 
Gas turbine and compressor 

Speed] ae eh eae ee 5 800 r.p.m. 
GearenatlOner ee ee Gna 
Generatonmspecd saan ieee 875 r.p.m. 
Input at generator coupling.... 2 500 HP 
Overall thermal efficiency...... 16-9 per cent. 


Corresponding fuel consumption 0-87 1b./h.p.h. 
Overall thermal efficiency at 
SOTpet conta Oa dae 17-5 percent. 


Characteristic data of the heavy fuel oil 
used are: 


SSCS GRIMBY sacaccnoe O:95RatG0lwe. 

VISCOSILY ee ee eee 950 sec. Redwood 1 
at 100° F. 

Net calorific value ...... 17 400 B.T.U./Ib. 

INS COUMMEIM, «nooo oben Abt. 0°05 per cent, 


(0: | per cent. max.) 


A simplified diagram of the main elec- 
trical circuits is shown on page 101. The 
main generator supplies the four D.C. trac- 
tion motors, which are continuously con- 
nected in parallel, through the motor 
isolating switches and the reversing switch 
which determines the direction of running 
of the locomotive. The motors are pro- 
tected by overload relays in the main 
motor leads acting on the isolating con- 
tactor of the respective motor. 


Electrical equipment. 


The electrical equipment comprises the 
main generator, the traction motors, the 
auxiliaries, and control apparatus. 


The main generator. — To obtain the 
strongly drooping characteristic essential 
for traction purposes the generator is 
equipped with three inter-acting excitation 
windings, namely: a counter-compound 
winding, a shunt winding, and a separately 
excited winding. The latter is fed from 
the auxiliary generator. 

The rotor carrying the electrically and 
magnetically active part of the armature 
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is a hollow steel casting. At the driving 
end the armature shaft is constructed so 
as to form a flange which is _ bolted 
rigidly to the flange of the reduction 
gear so that at this end the armature is 
supported by the bearing of the reduction 
gear. The generator itself has only one 
bearing at the commutator end, and is of 
the journal type lubricated by oil under 
pressure. ‘The armature lamination assem- 
bly is pressed on to ribs on the hollow 
rotor. 


The commutator is bolted to the hollow 
armature shaft. The brush holders are 
carried by easily removable brush arms of 
a similar construction to those of the driy- 
ing motors. The brush gear can be 
rotated. 

The generator is self-ventilated. The 
fan is placed on the commutator side. ‘The 
cooling air is drawn in on the driving side 
and expelled underneath after passing over 
the bearing. 

The main generator is a multi-polar 
machine with commutating pole and com- 
pensating windings. 

The ratings of the main generator are 
as follow: 

2 340 A. at approx. 675 V 


2 640 A. at approx. 760 V 
875 r.p.m. 


Continuous rating ... 
One-hour rating 
Max. working speed. 


The traction motors are entirely spring- 
borne (i.e., free with respect to axles) and 
rigidly fixed to the bogie frame. ‘The 
motor torque is transmitted to the driving 
wheels by means of the Brown-Boveri 
spring drive. 

The motors are of the series wound type 
and have forced ventilation. ‘Their ratings 
are as follow: 


397 kW, 720 V, 585 A, 
1 550 r.p.m. 

394 kW, 636 V, 660 A, 
1 290 r.p.m. 

DL eS Ti Ae BANS, 


Continuous rating... 
One-hour rating..... 


Geatenalionrrite ae. 


The motors have a cast-steel frame con- 
taining six main poles and six auxiliary 
poles. ‘The armature shaft runs in roller 
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bearings. The six brush carriers, each 
carrying two brushes, are supported by a 
ring which can be turned to allow of access 
to the brushes by the opening underneath 
the motor, 


The auxiliaries. — ‘The locomotive is 


equipped with an auxiliary direct current 
generator driven by a six-cylinder four- 
stroke Saurer diesel engine. 


In addition 


1. Quill stump secured 4. Transmission spring. 
to motor housing. 5. Gearwheel flange lip. 
2. Motor pinion. 6. Gear case. 


3. Big gearwheel. 


Traction motor with Brown-Boveri 
individual axle drive. 


to the separate excitation current for the 
main generator the auxiliary generator 
provides the power for all the auxiliary 
machinery, lighting, and heating on the 
locomotive either direct or through the 
battery which it is charging. When start- 
ing the gas turbine power unit the 
auxiliary generator supplies the necessary 
power to the main generator which runs 
as a motor. Finally, the auxiliary gene- 
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rator can be connected to two of the trac- 
tion motors (one in each bogie) and thus 
drive the locomotive as light engine. 


The auxiliary generator, — ‘The con- 
struction of the auxiliary generator is 
similar to that of the main generator. The 
rotor carrying the armature stampings is a 
hollow steel casting which is flanged 
rigidly to the flange of the diesel engine. 
The auxiliary generator has only one 


1. Quill stump secured to motor housing. 
springs. 


5. Gearwheel flange lip. 


6, Gear case. 
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The rating of the auxiliary generator is 
as follows : 


Continuous rating : 40 kW at 100 V, 1 150 r.p.m. 
Max. working speed : | 500 r.p.m. 


The storage battery. — Due to the use 
of the auxiliary diesel-driven generator 
both for starting the gas turbine and sup- 
plying the auxiliaries. the storage battery 
can be kept comparatively small. It serves 
to start the diesel set and to supply those 


4. Transmission 
8. Carrier disc. 


3. Big gearwheel. 
7. Driving axle. 


Cross-section view of the axle drive. 


bearing which is situated at the commu- 
tator end and is of the roller type. The 
armature lamination assembly is pressed 
on to ribs on the hollow rotor. The com- 
mutator is bolted to the hollow rotor. The 
brush gear can be rotated. The auxiliary 
generator is a multipolar machine with 
counter-compound and _ starting winding. 
It has one bearing shield situated at the 
commutator end. The frame is bolted to 
the diesel engine so as to form one unit. 


control and auxiliary circuits which are 
to be operated without the diesel set 
running. The Alklum type cadmium- 


nickel battery consists of 54 cells with a 
capacity of 200 Ah. 


The following auxiliaries are fed from 
the auxiliary generator or the battery res- 
pectively. 


Voltage converter set. — The object of 
this set is to supply at a constant voltage 
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1. Compressed air reservoir for loco- 6. Heat exchanger. 12. Heavy fuel-oil pump. 18. Auxiliary diesel-generator set. 23. Reduction gear. 28. Electrical apparatus compartment. 
motive brakes and apparatus. 7. Light fuel-oil pump. 13. Storage battery. 19. Blower for traction motors. 24, Main generator. 29. Driver’s desk. 

2. Train heating boiler. 8. Combustion chamber. 14. Main controller handwheel. 20. Air intake and lubricating oil coolers. 25. Belt-driven exhauster-compressor set. 30. Control and repeater panel for marker 

3. Traction motor. 9. Gas turbine. 15. Cab apparatus of A.T.C. 21. Control oil pump. 26. Ignition rod. light. 

4. Light fuel-oil tank. 10. Heavy fuel-oil tank. 16. Burner of train heating boiler. 22. Compressor. 27. Motor-driven exhauster-compressor set. 31. Lubricating and control oil tank. 

5. Water tank for steam boiler. 11. Cooling oil pump. 17. Water pump of train heating boiler. 


Sectional elevation and plan of Brown-Boveri gas-turbine locomotive. 


C4 anil ll eet (GC qo 
—.! ai. 3 ; 


1. Underframe of body. 2. Bogie frame. 3. Centre pivot. 4. Silentbloc of centre pivot bearing. 5. Cross- A. Combustion chamber. B. Gas turbine. C. Compressor. D. Air pre-heater. E. Gear. F. Generator. G. Bedplate of power unit. 
head transmitting the tractive effort and holding the swing bolster transverse beam. 6. Link pin for the 
drawbar with Silentbloc bearing. 7. Drawbar transmitting the tractive effort. 8. Link pin fixed on the bogie 


frame with Silentbloc bearing. 9. Connecting link for the swing bolster transverse beam with Silentbloc - The compressed and pre-heated air enters the combustion chamber partly as combustion air through the 
bearings. ee bods: beam for the Mae eee oe Cross equalising pea for the body suspension squirrel vanes 1, partly as cooling air through the slits 2. The fuel is injected through the injection nozzle 3, 
springs. . Outer uspension spring. . Inner body suspension spring. 14. Spring hangers. 15. Spring z i ayn) eh oe oD a 

hanger regulating screw. 16. Longitudinal connecting link for the body EpeEsiON spring. Oy. Outer bode The combustion gas and the cooling air mix in the lower part of a combustion chamber on their way to the 
side bearing with oil trough. 18. Inner body side bearing with oil trough. 19. Driving wheel. 20. Carrying gas turbine entry at 4. The exhaust gas, which is still hot, passes into the air pre-heater at 5 and is exhausted 
wheel. 21. Axlebox with self-aligning roller bearing. 22. Outer hanger for carrying axlebox. 23. Inner to atmosphere through slits 6 in the locomotive roof. The air inlet to the compressor is at 7. The air pipe 


hanger for carrying axlebox. 24. Axlebox guide with spring seat. 25. Helical spring. 26. Thrust faces. 


S. Lateral play between bogie and body. has several expansion joints 8 to deal with the different expansions of the gas turbine set and the air pre-heater. 


Cross-section of S.L.M. three-axle bogie with lateral play of the middle axle. Section through gas-turbine power unit. 


ELEVATION AND PLAN AND DETAIL DRAWINGS OF BROWN-BOVERI GAS-TURBINE LOCOMOTIVE, WESTERN REGION, BRITISH RAILWAYS. 
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the control and lighting circuits on the 
locomotive. It consists of a motor and 
generator built together as one unit. An 
automatic voltage regulator ensures a 
constant output voltage. 


Control oil pump. — This pump main- 
tains the oil pressure in the hydraulic con- 
trol systems of the locomotive, as well as 
lubricating the bearings of the power unit 
until the speed of the latter is sufficient 
for the direct-driven lubricating pump to 
function, 


Cooling oil pump. — The cooling oil 
pump delivers oil to the bearings of the 
gas turbine after the latter has been shut 
down so as to remove the heat which they 
receive from the still hot turbine. ‘The 
cooling oil set is automatically started on 
stopping of the gas turbine and stopped by 
a time switch after sufficient time has 
elapsed for the gas turbine to cool down. 


Pumps for light and heavy fuel oil. — 
These pumps deliver the fuel to the com- 
bustion chamber under sufficient pressure 
for it to be pulverised at the burner nozzle 
for combustion. ‘The light oil is used in 
the turbine during the starting-up period 
only, until the heavy oil, which is the nor- 
mal fuel, is sufficiently preheated. 


Ignition rod control. — The ignition 
rod is moved in and out of the combustion 
chamber by a small electric motor con- 
trolled from the driver's desk. 


Automatic barring gear. — ‘The object 
of this gear is to turn the shaft of the gas 
turbine through 180 deg. at intervals after 
it has been shut down, so as to avoid a 
temporary deflection of the shaft whilst 
it is hot. ‘The barring gear motor is auto- 
matically controlled by a time switch. 


Blowers for cooling traction motors. — 
There are two electrically-driven blowers 
each serving the two motors in one bogie. 
The blower sets are located in the machine 
room and are connected by means of ducts 
and leather bellows to the traction motor 
cooling air branches. 
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Motor-driven compressor-exhauster set. 
— Vacuum for the train brake system and 
compressed air for the locomotive brake 
system and pneumatic controls is produced 
by a belt-driven exhauster-compressor set. 
An electrically-driven set is specially pro- 
vided to supply compressed air when the 
gas turbine set is shut down and the loco- 
motive running light on the diesel set, and 
to boost the production of vacuum for 
quick release of the vacuum brakes on the 
train. For this latter purpose it is 
switched in automatically when the driver 


places the brake valve in the release 
position. 
Train heating plant. — For the train 


heating ‘requirements the locomotive car- 
ries a Clarkson thimble tube boiler of 
1000 lbs.-h. steam capacity. ‘The boiler is 
fired with light fuel oil and incorporates 
two electric motors, for the feed water 
pump and the burner set respectively. 


Operation and control. 


All operations for the starting, stopping, 
and control of the gas turbine power unit, 
the diesel generator set, and the auxiliaries 
are remotely carried out from the cabs. 
All controller handles, push buttons, and 
supervising instruments are grouped on 
the driver's desk. ‘They are laid out for 
one-man operation although, in  accor- 
dance with British Railways established 
practice, the locomotice will carry a crew 
of two. 

The first thing the driver will do in 
boarding the locomotive is to start the 
auxiliary diesel generator set by pressing 
a push button. ‘This connects the storage 
battery to the auxiliary generator which 


then motors the diesel up to ignition 
speed. The driver can now switch the 
auxiliary generator on to the traction 


motors and in this manner shunt the loco- 
motive at speeds up to about 15 m.p.h. 
This practice has proved to be very 
valuable and economical in service because 
it provides the locomotive with an alter- 
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native source of power and makes it un- 
necessary to run the gas-turbine unit for 
light service requirements. 

A few minutes before the train is due 
to leave, the driver proceeds to start the 
gas-turbine set. This is done by connect- 
ing the auxiliary generator to the main 
generator, which, running as a motor, 
accelerates the gas-turbine unit. Mean- 
while the fuel pumps have been started, 
and when the ignition speed is reached the 
burner nozzle is opened and the light fuel 
ignited. The thermal unit now accelerates 
further under its own power, and _ the 


diesel generator can be disconnected and 
switched over to supply the auxiliaries. 
As stated, starting is normally effected on 
light fuel oil, but after a few minutes the 
heavy fuel oil will have been sufficiently 
preheated, so that the changeover can be 
effected. 


One of the four traction motors. 


The driver controls the starting of the 
train and its subsequent speed through the 
handwheel of the main controller which 
acts on the governing system of the loco- 
motive. Each notch of the main controller 
corresponds to a certain power of the gas 
turbine unit, this power being determined 
by turbine speed and fuel quantity. <A 
simplified diagram of the governing’ sys- 
tem is shown on page 106. 

On each notch of the controller 18 an 
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electro-pneumatic valve 17 is actuated 
which sets the speed of the turbine and 
the corresponding rate of fuel delivery 
through the levers 15 and 16, respectively. 
Lever 16 actuates the pilot valve 12, thus 
setting the pressure in the control oil sys- 
tem 20, which determines the position of 
piston 11. ‘This latter sets the opening of 
the nozzle 8 and thus regulates the rate 
of delivery of fuel. At the same time lever 
15 sets the speed of the gas turbine unit 
by moving the sleeve of the speed gover- 
nor 10. 

The natural characteristic of the series 
traction motors is such that these motors 
do not transmit the same power at all 
speeds. ‘The governing system must allow 
for this fact, and it does so by means of 
the servo-field regulator developed by 
Brown-Boveri especially for thermo-elec- 
tric vehicles. In a state of equilibrium, 
that is, when the locomotive is running at 
constant speed and tractive effort, the 
power developed by the power unit corre- 
sponds to the output of the generator, the 
turbine speed remains the same, and the 
regulation system is not brought into 
operation. 

On the lower notches of the controller, 
which are used for starting the train, the 
rate of delivery of fuel is so high that the 
turbine speed somewhat exceeds the nor- 
mal value. The speed governor 9 and 10 
regulates the pressure of the oil in sys- 
tem 19 to such a low value that the driving 
piston of the servo field regulator 13 is 
moved by the pressure of the spring into 
its right-hand end position so that the 
resistance 14 is short-circuited and _ the 
excitation of the generator brought to its 
maximum value. As the train gains speed 
the power demand from the traction 
motors diminishes. ‘The effect is a ten- 
dency of the power unit to raise its speed 
still further. ‘This is, however, prevented 
by a reduction in the rate of fuel delivery 
since, on further increase in the speed of 
the power unit, falling of the oil pressure 
in system 19 influences the pilot valve 12. 

On the higher notches of the controller, 
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which correspond to the normal speed 
range of the locomotive, the traction 
motors might impose more load on the 
generator than corresponds to the actual 
notch position. ‘The servo field regulator 
now limits the load imposed on _ the 
generator by regulating the excitation cur- 
rent. ‘This takes place in the following 
manner: if, on change of gradient, the 
traction motors begin to demand more 
power than that corresponding to the con- 
troller position, then the power unit will 
tend to slow down. 

The speed governor 10 now causes the 
oil pressure in system 19 to rise, so that the 
piston of the servo field regulator begins 
to move to the left, thus reducing the 
excitation current by increasing the resis- 
tance 14. The result is that the output of 
the generator is limited; at the same time 
the reduction in turbine speeds is cor- 
rected and thus a new state of equilibrium 
reached, 

When the piston arrives on its left-hand 
end position and the current demand from 
the motors has not yet been fully met, the 
turbine speed would again start to fall off 
rapidly, as the servo field regulator can 
have no further influence. In this case 
the increase of control oil pressure in sys- 
tem 19 restricts the flow from the pilot 
valve 12 and thus brings about a limited 
increase in the rate of fuel delivery. Simi- 
larly the reverse takes place when the 
power demanded by the traction motors 
diminishes. 

The above explains the working of the 
servo field regulator and its influence on 
the governing system of the locomotive 
when the main controller is left in a cer- 
tain position. If the driver wishes to 
influence the speed of the locomotive by 
his own action he need only move the con- 
trol wheel to a new position. This ener- 
gises a different electro-pneumatic valve 
and thus alters the power available. 

It might be interesting to follow the 
action of the governing system in such a 
case and to see how it shortens the time 
which the power unit requires to attain 
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the new output value. When « notching 
up », the speed of the power unit tem- 
porarily lags behind the value correspond- 
ing to the new setting of the. speed 
governor sleeve 10 because of the inertia 
of the rotating masses. This will increase 
the pressure in system 19, thus reducing 
the excitation current of the generator 
and, through the action on pilot valve 12, 
temporarily increasing the rate of fuel 
delivery above the rate set by the con- 
troller. As a result of this simultaneous 
reduction in electric load and increase in 
fuel supply the power unit will accelerate 
very quickly to the new speed. When this 
is reached the oil pressure in system 19 
will fall again and reduce the fuel delivery 
to the normal rate corresponding to the 
new controller notch. ‘The piston of the 
servo field regulator will move and load 
the generator by increasing the excitation 
current, which completes the regulation 
cycle. 


When the controller is « notched down » 
the same cycle occurs with the settings in 
the opposite direction, the servo field 
regulator again assisting the power unit in 
attaining the new output value in the 
shortest possible time. 


On the two last notches of the controller 
there is no further pOwer increase; instead, 
the traction motor field is weakened so as 
to bring about the highest locomotive 
speeds. 


Safety devices. 


Incorporated in the control system are 
a number of safety devices. Service safety 
is obtained by a number of electrical and 
mechanical interlocks between the controls 
to prevent faulty operation. Pilot lamps 
or instruments on the driver's desk indi- 
cate the proper working of all the com- 
ponents, whilst warning lamps light up 
should excessive temperatures occur in the 
gas flow. 

If, notwithstanding such warning, the 
driver omits to reduce the load, the fuel 
pump is automatically shut down, thus 
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compelling the driver to re-ignite the 
flame. The fuel pump is also automa- 
tically shut down if the speed of the gas 
turbine set exceeds the normal value by 
more than 10 per cent., or if the flame 
in the combustion chamber should go out 
without the driver noticing it. ‘This latter 
security measure is controlled by an elec- 
tronic flame monitoring device and _pre- 
vents fuel from flowing into the combus- 
tion chamber without being burnt. Finally, 
the locomotive is equipped with the auto- 
matic train control apparatus which is 
standard on the Western Region. ‘The 
shoe portion of the ATC apparatus is 
carried by one of the carrying axles of the 
locomotive. 

The cab equipment ‘comprises ~ the 
driver’s desk with the controls and instru- 
ments mentioned earlier. ‘The driver’s seat 
is on the right-hand side. In normal train 
service the driver need only operate the 
main control hand wheel and, when neces- 
sary, the brake handle. He checks the 
generator load on the special cross pointer 
instrument developed by Brown-Boveri for 
thermo-electric locomotives. ‘This instru- 
ment indicates simultaneously the genera- 
tor current and voltage and the locomo- 
tive’s tractive effort, and, further, shows 
the driver the appropriate moment for 
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weakening the traction motor fields by 
field tapping. It does away with the 
inaccuracies inherent in D.C. wattmeters, 
particularly for wide variations in voltage 
and current as they occur in thermo-elec- 
tric vehicles. The locomotive speed is 
indicated on an electric tachometer, the 
generator of which is driven from one of 
the driving axles. 

The cabs are provided with indirect 
lighting and, in addition, the main instru- 
ments are fitted with individual lighting, 
thus permitting the cab illumination to be 
switched off during night runs. When in 
the depot a supply of lighting current on 
the locomotive is provided from the depot 
mains supply through two standard plugs, 
a single-phase transformer, and a change- 
over switch mounted on the locomotive. 

Whilst the train heating is by steam 
from the Clarkson boiler, the locomotive 
cabs are equipped with adjustable electric 
heat supplied from the auxiliary generator. 
There is also a plug for the connection 
of a hotplate or tea kettle. The cab win- 
dows have electrically heated double 
panels to prevent freezing. 

The electric identification lights at the 
front and rear of the locomotive are oper- 
ated from, and repeated on, special panels 
placed in each of the driver’s cabs. 


NEW BOOKS AND PUBLICATIONS. 
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SCHRAMM (Gerhard), Dr. Ing. habil. — Bogengestaltung und Bogenabsteckung. (The consti- 
tution of curves and their layout on site). — (One volume (5 3/4 8 1/4 in) of 164 pages with 
figures and tables. — 1949, Bielefeld, Erich Schmidt Verlag, Herforder Strasse, 10. (Price : 


D. M. 9.80) 


The title of the book explains the subject 
matter. In reality, it is the second part, 
i.e. the layout on site that is the main 
subject, but to deal with it is necessary to 
know what curves are in question. The 
answer to this question is contained in the 
first chapter. 


A curve is defined by its equation and 
by the value of its parameters. In this case, 
we are concerned with circular curves, and 
transition curves. The latter havé to pro- 
vide the transition between straight sections 
and the circular curve. Their form 
depends on the variation in the supereleva- 
tion and consequently on the radius of 
curvature. In speaking of these two kinds 
of curves, the author recalls the rules given 
in the regulations on the superstructure 
of the German State Railways. 


The methods of making the layout are 
explained in four other chapters dealing 
respectively with circular curves without 
transitions, transition curves of varying 
constant Curvature, transition curves of § 
curvature, and such curves when used as 
transitions between circular curves of oppo- 
site direction. Another chapter deals with 
the various problems peculiar to the layout, 
namely curves of minimum length con- 
necting two straight sections, transition cur- 
ves absorbing the whole of the circular 


part, the transitions between two curves of 
Opposite curvature, lining the track, the 
practical calculation of the geometrical 
factors defining the arc of a circle. 


When it is question of building new rail- 
way lines or new routes, the methods which 
have been reported should be used. But 
when existing lines have to be corrected, it 
may be advantageous to make use of the 
so-called angle diagram method. This is 
described very fully in a chapter to itself 
which occupies a large spart of the book. 
It could be used successfully in planning 
the layout and occupation of new lines and 
to solve various problems of the technique 
of curves. 


For those of our readers who are 
interested in this subject, we might men- 
tion that an article by the author was 
published in the February, 1935 Bulletin. 
Another article on the same general ideas 
appeared in the Bulletin for March, 1938. 
This dealt with the surface survey of lines 
laid on a curve by means of measuring the 
versines. 


The final chapter describes how a layout 
should be checked and rectified according 
to the calculation of the theoretical versines 
compared with those plotted on the site. 


Bea Me 
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Le Ferrovie italiane dello State. — (La reconstruzione alla fine del 1949). 
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(The Italian State 


Railways. — Their reconstruction at the end of 1949). One brochure (8 1/4 11 3/4 in) of 
52 pages copiously illustrated. — 1949, Rome, Ufficio Stampo del Ministero dei Trasporti. 


The Italian State Railways are once again 
able to offer the public complete services 
as regards travel and transport throughout 
the whole length of the country. Two 
maps head the series of documents 
intended to show the progress made in 
four years. A few red lines still show a 
few lines that have still to be reconstructed, 
but the absence of which does not impede 
the general recovery. 


The opening to traffic of the great 
bridges over the Po marks the end of the 
reconstruction of the system. 


Of course temporary constructions had 
sometimes to be used. As indicated in the 
introductory note by the General Manager, 
M. G. pi Raimonpo, Engineer, the work to 
be undertaken during the second stage will 
be to replace these temporary structures 
by permanent ones, and to improve the 
technical equipment, the modernisation of 
which has already begun. 


Information by pictures is used very suc- 
cessfully. This gives us a collection of 
photographs chosen to illustrate the most 
remarkable achievements in the various 
sections of the railway: permanent way, 
bridges, service buildings, staff housing, 
tunnels, telecommunications, safety and 
signalling equipment, production and use 
of electric power, electrification of the 
lines, laboratories, ferry-boats, steam and 
electric locomotives, rail motor coaches, 
electro-trains, wagons, stores, specialist 
staff, provident societies and staff funds. 

A brief note explains the guiding prin- 
ciples which govern activity in each divi- 
sion. A diagram compares the position in 
1939, 1945 and 1949. It shows that little 
remains to be done to catch up with the 
1939 level. 


At times the figures for 1949 even sur- 
pass those of 1939. ‘This is the case with 
accommodation for the staff which exceeds 
that available pre-war by nearly 4000. 


All these details are summed up in a 
statistical table: reconstruction in figures, 
supported by another showing the part 
played by American aid in the reconstruc- 
tion of the Italian State Railways. 


A few diagrams show the improved ser- 
vices and traffic recovery from 1945. The 
number of passenger-kilometres has in- 
creased to nearly double that of 1938-39. In 
the case of goods traffic, the figures have 
practically returned to the same level. 
This is one of the effects of the reduction 
in national production and also of the 
results of road competition. 


In the part dealing with the reform of 
the tariffs, it will be seen in particular that 
the line of the kilometric rates has been 
inflected a little more after 1000 km in 
the case of passenger traffic and after 
600 km in the case of goods traffic. The 
basic rates compared with the pre-war 
ones remain in the proportion of 1 to 
25 in the case of passengers and 1 to 26 
in the case of goods, whereas the average 
cost of living has increased in the propor- 
tion of | to 50. 


Finally the economic health of the 
undertaking has been encouraged by the 
technical improvement of the installations 
and the adaptation of the number of 
employees to the operating necessities. A 
few diagrams of the variations of the 
characteristic indices show the _ results 
obtained in this connection. 


E. M. 
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Calculo, planos de construcci6n y ensayos de una linea catenaria para electrificacion de ferro- 
carriles. (Calculation, constructional plans and tests for an overhead line for electric railways). 
— Publication of the Laboratory for railway research of the Roads, Harbours and Canals 
Engineering School. — Publication No. 4. — Madrid 1948. — One volume ( 8 1/4 11 in.) 


of 142 pages copiously illustrated. 


An example of a carefully studied over- 
head line is that the Madrid-Alcazar line. 
Use was made of certain terms of com- 
parison from previous electrifications, such 
as the Madrid-Avila-Segovia, Irun-Alsasua 
and Barcelona-Manresa lines. 

In erecting such a line, the engineer has 
to solve many problems and the solutions 
adopted can have a great influence on the 
installation and running costs. The re- 
searches and calculations reported in this 
publication bear witness to the need for 
carrying as far as possible the analysis of 
the mechanical and electric phenomena, 
and as a result, the exact determination 
of the stresses to which the constituant 
parts are subjected in order to arrive at 
the best utilisation of the materials. 

The principal characteristics are: feed at 
3000 V, metal posts 75 m apart, line con- 
sisting of a carrying cable 152 mm? in sec- 
tion and a grooved contact wire 130 mm? 
in section, the droppers supporting the wire 
being spaced at intervals of 12.50 m. There 
are compensation gear with balance weights 
on the contact wire. On the other hand 
the carrying cable is secured to the 
brackets of the posts and consequently fol- 
lows any variation in length due to changes 
in the temperature and load. 

A general note explains the considera- 
tions which led to the choice and justify 
the arrangements adopted, based on the 
calculations developed in the following 
notes. 

The choice of a single contact wire of 
130 mm’ section gives rise to a discussion 
on the pressure due to the wind, compared 
with a line with two wires. Wind pressure 
was the subject of trials carried out in the 
Laboratory of the National Institute of 
Aeronautical Technique the results of 


which are given and commented upon in 
an appendix. Careful estimation of the 
maximum current to be allowed for and 
the voltage at the points of collection show 
the advantages of this proposal compared 
with an existing line. 

The study of the deformations of the 
catenary necessitated fairly long numerical 
calculations if the equation for the catenary 
is to be referred to in each case, or even 
an approximate equation. For the sake of 
simplification the authors constructed a 
nomogramme which they have used to a 
considerable extent, This was done by 
tracing the parabolic curve representing the 
existing relation between the excess length 
of the arc over the span on the one hand 
and on the other the ratio between the 
tractive effort and the total weight of the 
wire. The value of the versine can be read 
from a graduated scale along the curve. 
This nomogramme enable the effects of an 
overload, or of an alteration in the tem- 
perature to be dealt with conveniently, 
and an erection table plotted showing the 
versines and tractive efforts corresponding 
to various temperatures. It is also made 
use of in the investigation into the plastic 
behaviour of the cables. Many additional 
plates are included showing the actual 
nomogrammes used to solve the various 
problems arising. 

Amongst the question, which were the 
subject of detailed calculations, mention 
may be made of the following: the distance 
between droppers (on which the different 
levels and slopes of the contact wire 
depend), the distance between the posts 
(on which the stresses in the carrying cable 
and the possibility of the line getting out 
of centre depend), the length of the drop- 
pers (which affect the level of the contact 
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wire when it is displaced longitudinally 
owing to variations in the temperature). 
A detailed analysis of the displacement of 
the contact wire due to the action of the 
balance weights, which is countered by the 
oblique position taken by the droppers, 
led to the distance between balance weights 
being fixed at twice 825 m. 


As the carrying cable is not compensated, 
its centre point rises and falls according to 
circumstances, and the distance between the 
two extremes compared with the distance 
between posts gives the « coefficient of 
quality » of the line. This can also be 
determined by using the nomogramme. 


The layout of the line and the spacing 
of the posts on curves, and the passing of 
the current from the feed cable to the 
carrying cable are other questions consid- 
ered in detail. 


In the construction of the posts welding 
has been largely used. “Two types have 
been used. ‘The first is in the form of a 
rectangular tube obtained by welding 4 mm 
folded sheets; the second is a lattice type 
formed of two sections with the flanges 
set together and joined by welded flats. 
‘The work includes a thorough investigation 
into the forces to which the posts can be 
subjected together with a determination of 
the stresses and deformations resulting 
therefrom. 


Compared with other installations the 
saving in weight in the posts is consider- 
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able. However before the designs were 
passed, trials were carried out on actual 
posts. A description is given of the instal- 
lation erected for this purpose, with a 
detailed account of the experiences and 
measurements made. 

Although these studies were made with 
a given electrification scheme in view, they 
can also serve as a basis for the equipment 
of other lines. The importance of this will 
be appreciated when it is remembered that 
the decree of January 1946 authorised an 
electrification programme covering 5 263 km 
of lines. 

The economies made affected not only 
the posts but all the component parts of 
the overhead line. They are due to the 
choice of a voltage of 3000, by adopting 
the maximum falls in voltage permitted by 
the approved standards, adapting the 
organisation of the trains to the new 
method of traction, and a rational design 
of the transmission line. In addition, the 
tensions allowed in the constituant parts 
were carefully chosen and the determina- 
tion of the real stresses very carefully done 
to assure the maximum guarantee of safety. 

Specialists will greatly profit by reading 
this publication. Its interest lies first of 
all in the arrangements allowed for the 
proposed electrification, and finally in the 
various considerations, methods and cal- 
culations which decided its adoption. 
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I. — BOOKS. 
0 See Se =e ee | 1950 385 (44) 
In French. Ou en est le Chemin de fer? 
x sree sossas Paris, édité par la S. N. C. F. 1 brochure (21 x 27 cm. 
950 385 | de 94 pages. 


Année ferroviaire 1950. 

‘aris, Editions Plon, rue Garanciere, 8. 1 volume 
so. (Prix : 495 fr. fr.) 

950 691 
RETS (J.). 

 béton précontraint. Préface de E. FREYSSINET. 
raris, Eyrolles, éditeur. 1 volume (15 x 24,5 cm) de 
_ pages, avec 94 figures (Prix : 950 fr. fr.) 


949 621 .32 
IHU (M.). 

tayonnement, photométrie et éclairage. 

aris, Gauthier-Villars, éditeur. 1 volume broché 
x 25 cm) de 398 pages. 


950 536 
YURDET (G.) & PROUST (A.). 

es diagrammes thermodynamiques. 

aris, Dunod, éditeur. 1 volume (16 x 25 cm) de 
) pages, avec 393 figures, et un atlas de 23 planches. 
ix des 2 volumes, reliés : 4 850 fr. fr.) 


950 62 (01 & 691 
JERRIN (A.). 

é calcul du béton armé a la rupture. 

‘aris, Dunod, éditeur. 1 volume (16 x 25 cm) de 


} pages avec 204 figures. (Prix : 1 960 fr. fr.) 


950 624 (06 
Mémoires de |’Association internationale des ponts et 
rpentes, 9° volume. 

Zurich, Publication du Secrétariat Général de l’Asso- 
ion. 1 volume (17 x 24 cm) de 504 pages, avec de 
nbreuses figures. En vente a la Librairie Leeman, a 


‘ich. 


1950 385 (08 (493) 


SOCIETE NATIONALE DES CHEMINS DE FER 
BELGES. 


Rapport sur l’exploitation pendant le vingt-troisiéme 
exercice (année 1949). 

1 volume (21 x 30 cm) de 412 pages, avec de nom- 
breux tableaux et graphiques. 


In German. 


1948 624 .92 


KERSTEN (C.). 

Der Stahlhochbau. I. Band. 5° Auflage. 

Berlin, Wilhelm Ernst und Sohn. 1 Band (15 x 21 cm), 
234 Seiten und 616 Abbildungen. (Preis : gebunden, 
D. M. 14.) 


1949 691 & 721 9 


LOSER (B.). 

Bemessungsverfahren, 11° Auflage. 

Berlin, Verlag yon Wilhelm Ernst und Sohn. 1 Band 
(17 x 24 cm) von XII + 300 Seiten, 304 Abbildungen 
und 103 Tafeln. (Preis : gebunden, D. M. 9.50.) 


1949 621 .13 (02 


MEINEKE (F.). 


Die Dampflokomotive. Lehre und Gestaltung. 
Berlin, Springer-Verlag. 519 Seiten mit 568 Abbil- 
dungen und 6 Tafeln. (Preis : gebunden, D. M. 67.50.) 


(1) The numbers placed over the title of each book are those of the decimal classification proposed by the Railway Congress 
iointly with the Office Bibliographique International, of Brussels, (See « Bibliographical Decimal Classification as applied to Railway 
nce », by L. WEISSENBRUCH, in the number for November 1897, of the Bulletin of the International Railway Congress, p. 1509.) 


[ 016. 385. (05 ] 


10 — 


If. — PERIODICALS. 


In French. 


Bulletin de Documentation technique S.N.C.F. 


(Paris.) 
1949 621 .335 (42) 
Bulletin de Documentation technique S. N. C. F., 
juin, p. 183. 
Locomotive CC 20.003 de la « Southern Region » des 
British Railways. (1 700 mots & fig.) 


1950 656 .235 (42) 
Bulletin de Documentation technique S. N. C. F., 
WOME, D, 30, 
Principes proposés par la British Transport Com- 
mission pour |’établissement de la nouvelle tarification 
marchandises. (2 000 mots.) 


1950 385 

Bulletin de Documentation technique S. N. C. F., 
MANS, 70 Wk 

Progrés réalisés en technique ferroviaire pendant 


Vannée 1949, (2 500 mots, tableau & fig.) 


Bulletin technique de la Suisse romande. 


(Lausanne.) 


1950 621 .13 
Bull. techn. de la Suisse romande, 14 janvier, p. 9. 

BAUMGARTNER (J.-P.). — La _ locomotive a 
vapeur est-elle désuéte? (2 500 mots.) 

1950 624 2 
Bull. techn. de la Suisse romande, 28 janvier, p. 13. 

GALLICO (A.). — Contribution a I’étude des poutres 
a moment d’inertie variable. (3 500 mots & fig.) 

1950 624 (494) 
Bull. techn. de la Suisse romande, 11 MONS, JO, De 

25 mars, p. 69. 

SARRASIN (A.). — Sur quelques constructions 

récentes de ponts en Valais. (4 500 mots & fig.) 


1950 62 (Ol & 691 
Bull. techn. de la Suisse romande, 26 aOute py 225 
ROESSINGER (F.). — Généralités sur différents 
modes de précontrainte du béton. (10 000 mots & fig.) 


Bulletin des Transports internationaux 
par Chemins de fer. (Berne.) 


385 .6 (492) & 656 .2 (492) 
par Chemins de fer, novem- 


1949 
Bull. des transp. intern. 
bre, p. 406. 
VAN DER MEULEN (J.-H.). — Etude comparée de 
la législation néerlandaise en matiére de transport par 


chemin de fer et des Conventions internationales CIM 
et CIV. (3 500 mots.) 


1949 
Bull. des transp. intern. par chemins de fer, nover 
lots: ja, Z'BS), 


Projet d’étude sur Ja coordination des transpo ‘ 
(600 mots). 


1949 313 .385 4 
Bull. des transp. intern. par chemins de fer, nover} 
bres ps 445: | 


Résultats d’exploitation des Chemins de fer de V’Et 
norvégien durant l’exercice 1945/1946. (Tableau.) 


1949 385 .1 
Bull. des transp. intern. par chemins de fer, décem 
bre, p. 476. : 


Les Chemins de fer du Luxembourg en 1948. (1 8: 
mots.) 


iy 


1950 656 (4 

Bull. des transp. intern. par chemins de fer, févri¢ 
hs D2. 

LAPA (F.). — La coordination des transports td 


restres au Portugal (4 500 mots.) 


1950 385 .62 & 385 . 
Bull. des transp. intern. par chemins de fer, mai 
jo. G2. 
HOSTIE (J.). — Orientations nouvelles dans 


révision de la CIM et de la CIV. (12 000 mots.) 


Containers. (Bulletin du Bureau Internation! 
des Containers.) (Paris.) | 


1949 
Containers, n° 1, avril, p. 35. 
La _ situation actuelle du probléme des containe 
(5 000 mots & fig.) 


656 .225 & 656 2! 


1949 656 .225 (42) & 656 .261 4 
Containers, n° 2, décembre, p. 45. 

KLAPPER (C.-F.). — Les récentes 
britanniques en matiére de containers. 
& fig.) 


réalisation 
(1 500 ma 


1950 656 .225 (43) & 656 .261 (4) 
Containers, n° 3, juin, p. 17. , | 
PRIESTER (L.). — Les containers pour denré 


congelées. (3 000 mots & fig.) 


Energie. (Bruxelles.) 


1949 
Energie, septembre-octobre, p. 873. 


L'électrification du railway  belge. 
& fig.) 


621 .33 (49) 


(15 000 ma 


= 


sales Sao 


Génie Civil. (Paris.) 
1950 621 .335 (44) 
énie Civil, n° 3269, 15 janvier, p. 21. 
MACHEFERT-TASSIN (Y.). — Les locomotives 
C 6001 et BBB 6002 de la Société Nationale des Che- 
‘ins de fer francais. (5 000 mots, tableaux & fig.) 
1950 
renie Civil, n° 3271, 15 février, p. 61. 
Le nouveau pont-route sur le Rhin entre Cologne 
: Deutz. (3 000 mots & fig.) 


624 .62 (43) 


1950 
renie Civil, n° 3274, 1e avril, p. 121. 
Le nouyeau pont de Vienne, sur le Rhéne. (1 500 mots 
t fig.) 


1950 
yenie Civil, n° 3274, 1¢ avril, p. 125. 
COUARD (A.). — Nouveaux abaques pour la déter- 
jination des projets de béton armé en flexion simple. 
3 000 mots & fig.) 


624 .63 (44) 


62 (O01 & 691 


1950 

Jénie Civil, n° 3275, 15 avril, p. 141. 
DUMAS (J.). — L’dectrification de la ligne Paris- 

uyon de la S. N. C. F. Inauguration de la traction élec- 

rique sur la section Laroche-Dijon (15 mars 1950). 

9 000 mots & fig.) 
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1950 621 .431.72 (65) 

Génie Civil, n° 3277, 15 mai, p. 181. 
MACHEFERT-TASSIN (Y.). — Les locomotives 

Diesel-électriques des Chemins de fer Algériens. (7 000 


nots & fig.) 


1950 621 .33 (493) 
Génie Civil, n° 3277, 15 mai, p. 193. 
L’électrification des lignes Bruxelles-Charleroi et 


Linkebeek-Anvers-Nord. (1 000 mots & fig.) 


1950 624 .62 (71) & 669 .71 (71) 
Génie Civil, n° 3277, 15 mai, p. 194. 

Pont en arc en aluminium de 88 m de portée, sur la 
Saguenay, prés de Québec. (1 500 mots & fig.). 


L’Industrie des Voies ferrées 
et des Transports automobiles. (Paris.) 


1949 656 .234 
L’Industrie des Voies fer. et des Transp. automobiles, 
juin, p. 434. 


CASSAN (M.). — Note sur une carte d’abonnement 
a la semaine. (1 500 mots & fig.) 


1949 621 .431.72 
L’Industrie des Voies fer. et des Transp. automobiles, 
septembre, p. 454. i 
ZENS (P.) et HONORRE (M.). — Locomotives 
Diesel a traction continue par transmission mécanique. 
(2 200 mots & fig.). 


1949 385 (09 (59) 
L’Industrie des Voies fer. et des Transp. automobiles, 
octobre, p. 467. 
LARTILLEUX (H.). — Histoire et exploitation des 
Chemins de fer Indochinois. (4 000 mots & fig.) 


1949 621 .33 : 625 .62 
L’Industrie des Voies fer. et des Transp. automobiles, 
octobre, p. 473. 
BRANCHU (P.). — La protection des réseaux de 
tramways et trolleybus contre les courts-circuits d’in- 
tensité limitée. (3 000 mots & fig.) 


1949 625 .212 (44) & 625 .23 (44) 

L’Industrie des Voies fer. et des Transp. automobiles, 
novembre, p. 481. 

La deuxiéme rame de voitures pour trains rapides 
montées sur pneumatiques (rame en alliages légers). 
(2 300 mots, tableaux & fig.) 

1949 621 .431.72 (44) 
L’Industrie des Voies fer. et des Transp. automobiles, 

décembre, p. 505. 

PETIT-JEAN. — L’autorail Floirat et sa remorque 
légére. (1 200 mots & fig.). 

1950 625 .23 (44) 
L’Industrie des Voies fer. et des Transp. automobiles, 

janivict eps). 

HUGONNET. — Les nouvelles voitures des Chemins 
de fer de la Camargue. (6 000 mots & fig.) 

1950 625 .2 : 625 .62 (485) 
L’Industrie des Voies fer. et des Transp. automobiles, 

février, p. 527. 

KEKONIUS (O.). — Le matériel moderne de la 
Compagnie des Tramways de Stockholm. (2 000 mots 
& fig.) 


L’Ossature métallique. (Bruxelles.) 
1950 621 .87 (493) 
L’Ossature métallique, janvier, p. 25. 

VANDEGHEN (A.) & DELVENNE (A.). — Grues 
de chemins de fer, systtme Cockerill, d’une force de 
85 tonnes. (4 000 mots & fig.) 


1950 624 .62 
L’Ossature métallique, janvier, p. 42. 
VERDEYEN (J.). — Cintres métalliques pour grandes 


youites. (5 000 mots & fig.) 


1950 621 .392 (44) & 624 (44) 
L’Ossature métallique, février, p. 69. 

WIDMAN (P.). — Les ponts-rails soudés de la région 
du Nord de la S. N. C. F. (5 000 mots & fig.) 


1950 621 .392 


L’Ossature métallique, février, p. 107. 
MOUTON (R.-J.). — Soudage en forte pénétration. 


(3 500 mots & fig.) 


1950 624 .8 (493) 
L’Ossature métallique, mars, p. 160. : 
SOETE (A.). — La reconstruction du pont-rails tour- 


nant de Willebroek. (2 500 mots & fig.) 


1950 624 .62 (43) 
L’Ossature métallique, juin, p. 281. j 

La reconstruction du pont Hohenzollern, 4 Cologne. 
(3 000 mots & fig.) 


1950 624 .92 & 69 
L’Ossature métallique, juin, p. 300. 
MAGNEL (G.). — Constructions en acier précom- 


primé. (6 000 mots, tableaux & fig.) 


1950 
L’Ossature métallique, juillet-aoat, p. 355. 
MARX (M.). — La maladie du rail traité. (1 800 
mots & fig.) 


625 .143.2 


Rail et Route. (Paris.) 


1949 625 .3 (494) 
Rail et Route, septembre, p. 1. 

Le Mont Pilate et son Chemin de fer. (1 000 mots 
& fig.) 


1949 388 (47) & 625 .42 (47) 
Rail et Route, septembre, p. 13. 

Les transports urbains de Moscou. (1 000 mots & 
fig.) 


1949 656 (44) 
Rail et Route, septembre, iy WOR Ceol, jo Dil. 
MAROIS (P.). — Considérations sur la concurrence 


entre le Rail et la Route. (Conférence 4 la Chambre 
de Commerce de Lyon.) (5 000 mots & fig.) 


1949 
Rail et Route, octobre, iD; Ab, 
DUGAS. — Programme d’électrification de la S. N. 
C. F. (fin). (1 600 mots & fig.) 


621 .33 (44) 


1949 625 .6 (493) 
Rail et Route, octobre, p. 8; novembre, Dem: 

CHAPUIS (J.). — La Société Nationale des Chemins 
de fer Vicinaux Belges (S. N. C. V.). (7 000 mots & fig.) 


1949 625 .23 (44) & 625 .24 (44) 
Rail et Route, octobre, p. 12, 
LEJEUNE. — Tendances actuelles dans la construction 


des voitures et wagons de la S. N. C. F. (1 500 mots 
& fig.) 
1949 
Rail et Route, octobre, op. 24. 
PAILLARD (A.). — Le service franco-domicile des 
Entreprises suisses de transport. (1 500 mots & fig.) 


656 .261 (494) 


12 —- 


Revue générale des Chemins de fer. (Paris.) | 


1950 625 .13 (42 + 44)i 
Revue générale des Chemins de fer, janvier, p. 1. 

GONON. — Le Tunnel sous la Manche. (10 000 mot 
& fig.) 


1950 621 .137.3 (44) 
Revue générale des Chemins de fer, janvier, p. 2a 
BISCHOFF, GUIN et LAPLAICHE. — Lutili-/ 


sation en banalité compléte des locomotives 141 R. 
(2 500 mots & fig.) 
1950 625 .234¢ 
Revue générale des Chemins de fer, janvier, p. 28. 
ROMESTAIN et DIDIER. — Le chauffage par air§ 
pulsé. (1 500 mots & fig.) 


1950 625 .23 (44) i 
Revue générale des Chemins de fer, janvier, p. 31. I 

MARMIF. — La _ modernisation des voitures a 
essieux de la S. N. C. F. (1 000 mots & fig.) 


In German. 


Der Eisenbahnbau. (Frankfurt-Main.) 


1950 625 .144.4 i 
Der Eisenbahnbau, Marz, S- 63. 
KUHN (F.). — Ein neues Gleishebegerat. (1 200 jj 


Worter & Abb.) 
1950 
Der Eisenbahnbau, Mirz, S. 65. ' 
REICHE (E£.) & HESEBECK (H.) — Nochmals 
Schienenbefestigung auf Stahlbetonschwellen. (1 000 Wor- 
ter & Abb.) 


625 .143,5 | 


Glasers Annalen. (Berlin.) 


1950 625 .23 (43) 
Glasers Annalen, Februar, S. 19; Marz, S. 50. 

FINK (M.) & SOMMERFELDT (H.). — Entwurf 
eines elektrischen Doppelstocktriebwagenzuges fiir den 
Ruhrschnellverkehr. (6 000 Worter, Tafel & Abb.) 


1950 
Glasers Annalen, Februar, S. 26. 
KROGER, — Kreuzkopf-Kolbenstangenverbindung. 
Entwicklung von der scheinbar starren zur wirklich 
starren Form. (4000 Worter & Abb.) 


621 134.1 | 


1950 621 .335 
Glasers Annalen, Februar, S. 31, 
BIECK (H.). — Beanspruchungen in Triebwagen- 


achsen in Abhangigkeit von den Beschleunigungs- und_ 
Verz6gerungskraften, (2 000 Worter & Abb.) 


Internationales Archiv fiir Verkehrswesen. 
(Mainz.) 


1949 

iternationales Archiv fiir WVerkehrswesen, 
2, IDencanesdnsii, Ss sl. 

Dr. MOORMANN. — Eisenbahn und Lastkraft- 

agen. (1 600 W6Orter.) 


656 (43) 
Nr. 15, 


1950 385 

iternationales Archiv fiir Verkehrswesen, Nr. 3, 
1. Februarheft, S. 57. 

Dr. Ing. BASELER. — Die Zukunft der Schiene. 

-000 Worter.) 

1950 385 .114 

iternationales Archiv fiir WVerkehrswesen, Nr. 4, 
2. Februarheft, S. 73. 

Dr. Ing. MULLER (W.). — Die Selbstkostener- 

ittlung der WFernverkehrsbetriebe. (9 000 Worter & 

bb.) 

1950 621 .33 

wternationales Archiv ftir Verkehrswesen, Nr. 6, 


2. Marzheft, S. 121. 
SCHIEB (A.). — Die Auswirkungen der elektrischen 
ugforderung auf den Betrieb und die baulichen Aniagen 
er Hisenbahn. (8 000 Worter & Abb.) 


621 .33 
Iig, 


1950 

aternationales Archiy fur 
1. Maiheft, S. 193. 

Dr. BASELER. — Elektrifizierung im Rahmen kom- 

lender Betriebsformen. (10 000 Worter.) 


Verkehrswesen, 


656 
10, 


950 

wternationales Archiv fir 
2 MaihettzSae2 kis 

PLATZMAN. — Freier ehrlicher Wettbewerb zwischen 

trasse und Schiene. (11 000 Worter.) 


Verkehrswesen, Nr, 


385 (485) 
INGE alll 


1950 

yternationales Archiv fir Verkehrswesen, 
ieehuminett. Sa0 2556 

HERRMANN (M.). — Wirtschaft und Eisenbahnen 

chwedens nach dem Krieg. (10 000 Worter & Karte.) 


1950 656 

iternationales Archiv fiir Verkehrswesen, Nr. 12, 
2. Juniheft, S. 257. ‘ 

LEIBBRAND (Dr. Ing. K.). — Die ungleichen 
tartbedingungen fiir Schiene und Strasse. (7 000 Worter 
c Abb.) 

656 .222.1 
Verkehrswesen, Nr. 14, 


1950 

iternationales Archiv fir 
2. Juliheft, S. 314. 

Dr. BASELER.— Die Schnellbahn und ihre Verwirk- 

chung auf den heutigen Strecken. (2 000 Worter.) 
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In English. 


The Engineer. (London.) 


1949 
The Engineer, December 9, p. 673. 
Locomotives for India. (200 words & fig.) 


621 .132.1 (S4) 


1949 
The Engineer, December 9, p. 681. 
Proposed car ferry terminal at Dover. (600 words.) 


625 .9 (42) 


1949 625 .232 (42) & 625 .4 (42) 
The Engineer, December 23, p. 746. 

New London Transport rolling stock. (1 800 words 
& fig.) 


1949 621 .335 
The Engineer, December 23, p. 747. 


An infinitely variable gear. (1 200 words & fig.) 
1949 
The Engineer, December 23, p. 749. 
Main line 2 ft. 6 in. gauge locomotives for India. 
(500 words & fig.) 


621 .132.8 (54) 


1950 
The Engineer, January 6, p. 26. 
Some work on British Railways in 1949. (To be con- 
tinued.) (2 400 words & fig.) 


625 .28 (42) 


Engineering. (London.) ° 


1949 621 .33 (42) 
Engineering, No. 4365, September 23, p. 304. 

Railway vehicles for construction of overhead-conductor 
systems. (600 words & fig.) 


1949 621 .33 (42) 
Engineering, No. 4366, September 30, p. 325. 

Electrification of Liverpool Street to Shenfield railway. 
(3 600 words & fig.) 


1949 FAW sil 
Engineering, No. 4367, October 7, p. 375. 
CHISHOLM (A.). — Settlement of structures on clay 


foundations. (6 000 words & fig.) 


1949 621 .132.1 (54) 
Engineering, No. 4368, October 14, p. 388. 

4-6-0 metre-gauge locomotive for Mewar State Railway. 
(300 words & fig.) 


1949 669 .1 
Engineering, No. 4368, October 14, p. 403. 
CHAUDRON (G.). — Recent French investigations 


in the field of light alloys. (3 400 words & fig.) 


Modern Transport. (London.) 


1950 625 .4 (42) 
Modern Transport, March 4, p. 8; March 11, p. 7. 

VALENTINE (A.B.B.). — Planning new Tube 
Railways for London. (3 800 words & fig.) 


1950 625 .14 (42) 
Modern Transport, March 11, p. 14. 


Permanent way developments. (1 500 words & fig.) 


1950 656 .212 (44) 
Modern Transport, March 18, p. 13. 
GUIBERT (R.). — French Railway terminal services. 
(2 250 words.) 
1950 
Modern Transport, March 25, p. 3. 
HURCOMB (C.). — Electric traction 
Britain. (1 800 words.) 


621 .33 (42) 
in Great 


1950 
Modern Transport, March 25, p. 5. 
HARPER (F.A.). — Diesel-electric power on British 
Railways. (1 800 words & fig.) 


621 .431.72 (42) 


1950 
Modern Transport, March 25, p. 7. 
GRAFF-BAKER (W.S.). — Multiple-unit trains. 
(1 600 words & fig.) 


625 .4 (42) 


Proceedings, The Institution of Electrical 
Engineers. (London.) 


1949 621 .33 (42) 
Proceedings, The Institution of Electrical Engineers, 
December, p. 835. 
Discussion on «Electric traction on the Southern 
Railway ». (3 000 words.) 


Railway Age. (New York.) 


1949 625.251 
Railway Age, December 31, p. 40. 


EKSERGIAN (C.L.). — Wheel slip and passenger- 
train braking. (4 300 words.) 


1950 


625 .28 (73 
Railway Age, January Ths 8 HAS 

WEIHOFEN (G.J.). — Developments in motive 
power. (1 700 words & fig.) 

1950 621 .33 (42 
Railway Age, January 14, py 20; nt 

RIGG (.). — _ Britain continues electrification 


program, (800 words & fig.) 


i 


' & fig.) 


Railway Engineering and Maintenance. 
(Chicago.) 

1949 
Railway Engineering and Maintenance, 


15 ILI 
GARDNER (W.E.). — Lubrication solves frozen- 


joint problem. (1 600 words & fig.) 


625.172 (73) 
December, } 


1949 625 .174 (73) 
Railway Engineering and Maintenance, December, 
p. 1184 


FLEMING (J.J.). — Big machines defeat big snow 
troubles. (1 200 words & fig.) 


Railway Gazette. (London.) 


1949 621 .335 (68) 
Railway Gazette, No. 23, December 2, p. 647; No. 27,} 
December 30, p. 765. ; 
South African Railways «3E» Class electric ioco- 
motives. (To be continued.) (5 000 words & fig.) 
1949 621 .33 (49) 
Railway Gazette, No. 24, December 9, p. 675. 
Electrification and new construction in Luxembourg. 
(600 words & map.) 


} 


1949 656 .254 (42)\ 
Railway Gazette, No. 24, December 9, p. 676. 

Divisional control room organisation L. M. R. (1 400 
words & fig.) : 


1949 621 .132.1 (54)}} 
Railway Gazette, No. 24, December 9, p. 679. | 
Vulcan 2-8-2 «YD » class locomotives. (300 words} 
& fig.) 


1949 625 .173 (73)|j 
Railway Gazette, No. 24, December 9, p. 680. | 
A Diesel-electric track sweeper. (700 words & fig.) || 


1949 385 (08 (42) 
Railway Gazette, No. 24, December 9, p. 685. 

British Transport Commission Annual Report. (1 500 
words.) 


} 
| 
il 
1949 621 .132.6 (42) 
Railway Gazette, No. 25, December Ga pas OBE 


Bagnall 0-6-0 « 400 » class tank engines. (300 words 


| 
I 
| 

1949 625 .14 (42)l] 
Railway Gazette, No. 25, December 16, p. 704. ail 
Track stabilisation at "Waddesdon, Eastern Region. || 


(600 words & fig.) 


1949 656 .212.7 (44)}] 
Railway Gazette, No. 25, December 16, pp. 7052 
Goods shed at Pantin, France. (400 words & fig.) 


1949 621 .135.1 (42))I 
Railway Gazette, No. 25, December 16, p. 709. 
Standardisation of British Railways locomotive cabs} 
and controls. (600 words & fig.) 4 


: 
; 


| 

. 

| 

om 
1949 625 .232 (42) & 625 .4 (42) 
lilway Gazette, No. 26, December 23, p. 733. 
Rolling stock for London Transport. (1 800 words 
| fig.) : 


1949 625.617 (44) 
uilway Gazette, No. 26, December 23, p. 736. 
CAZENAVE (C.R.). — Railway wagon transporters 
‘France. (1 000 words & fig.) 


1949 656 .235 (42) 
ailway Gazette, No. 26, December 23, p. 741. 
‘Charges scheme for merchandise traffic. (5 000 words.) 


‘1949 625 .13 (485) 
ailway Gazette, No. 27, December 30, p. 763. 
Main-line bridge replacement in Sweden. (600 words 
fig.) 


1949 621 .335 (494) 
ailway Gazette, No. 27, December 30, p. 764. 
‘Swiss «Re 4/4 » locomotives in service. (500 words 


. fig.) 


1950 

ailway Gazette, No. 1, January 6, p. 11. 
‘MacARD (G.W.). — Determining working loads and 
resses. (3 000 words, tables & fig.) 


621 .134.1 


1950 621 .132.4 (54) 
ailway Gazette, No. 1, January 6, p. 16. 
ARGAWAL (P.R.). — Pacific locomotives for Jodhpur 
ailway, India. (800 words & fig.) 


Diesel Railway Traction. (London.) 


1949 625 .285 (8) 
Yiesel Railway Traction, December, p. 221. 

REED (B.). — Railears for South America. (2 400 
rords & fig.) 

1949 621 .431.72 (73) 
Jiesel Railway Traction, December, p. 225. 
Extended range of American locomotives. (1 200 words 
c fig.) ‘ 


1949 621 .431 
Jiesel Railway Traction, December, p. 227. 
MacARD (G.W.). — Fuel-tank gauges and meters 


or rail vehicles. (1 500 words & fig.) 


1949 621 .431 
Jiesel Railway Traction, December, p. 233. 


Diesel motive power working. (1 400 words & fig.) 


1949 621 .431 
Yiesel Railway Traction, December, p. 236. 
Factors affecting the choice of Diesel power. (800 words 


x fig.) 


Is — 


Railway Mechanical Engineer. 


(New York.) 

1948 625.232 (73) 
Railway Mechanical Engineer, December, p. 71. 

New cars for the Twentieth Century Limited. (2 000 
words & fig.) 

1948 625 .234 (73) 
Railway Mechanical Engineer, December, p. 76. 

GILLICK (H.L.). — Heating long trains. (600 words.) 


1948 621 .431.72 (73) 
Railway Mechanical Engineer, December, p. 78. 
Diesel mechanical maintenance. (5 500 words.) 


1948 621 .431.72 (73) 
Railway Mechanical Engineer, December, p. 100. 

FAUERBACH (W.F.). — Brushes for Diesel-electrics. 
(1 200 words & diagr.) 


1948 656 .254 (73) 
Railway Mechanical Engineer, December, p. 103. 
Erie’s radiotelephone system. (1 600 words & fig.) 


1948 621 .431.72 (73) 
Railway Mechanical Engineer, December, p. 107. 

HENSHAW (M.D.) & CATLIN (F.H.). — Biack 
lighting for cab dials. (1 000 words & fig.). 


1949 625 .24 (73) 
Railway Mechanical Engineer, January, p. 1. 

KIEFER (P.W.), MIERS (A.M.) & HAYS (L.D.). 
— Development of pacemaker box cars. (5 000 words, 
tables & fig.) 


1949 621 .431.72 (73) & 665 .882 (73) 
Railway Mechanical Engineer, January, p. 6 

REX (R.L.). — Diesel locomotive maintenance 
welding. (3 000 words & fig.) 


1949 621 .438 (73) 
Railway Mechanical Engineer, January, p. 11. 

STEINS (C.K.). — The coal-burning gas-turbine 
locomotive. (1 200 words.) 


1949 625 .234 (72) 
Railway Mechanical Engineer, January, p. 13. 
Radiant heat in Mexican car. (1 000 words & fig.) 


1949 621 .138.3 (73) 
Railway Mechanical Engineer, January, p. 15. 

HITCH (C.B.). — Maintenance of steam power. 
(1.200 words.) 


In Danish. (= 439.81.) 


Ingenigren. (Copenhagen.) 


1950 625 .142 .4 (489) = 439.81 
Ingenigren, No. 14, p 291. i 
PETERSEN (E.). — Reinforced concrete sleepers 


on the Danish State Railways. (1 700 words & fig.) 


1950 625 .7 (73 = 439.81 & 691 (73) = 439.81 
Ingenigren, No. 15, p. 338. 

DAN® (K.). Building of roads in reinforced 
concrete in U. S. A. (2 200 words & fig.) 


In Spanish. 


Boletin de la Asociaciébn permanente 
del Congreso Panamericano de Ferrocarriles. 
(Buenos Aires.) 
1950 625 .144.2 
Boletin de la Asoc, perman. del Congreso Panameric. 
de Ferrocarriles, enero-febrero, p. 64. 
LOPEZ GUEVARA (H.). — Estudio de la sobreele- 
vacion en vias de ferrocarril. (3 000 palabras & fig.) 


1950 621 .431.72 
Boletin de la Asoc. perman. del Congreso Panameric, 
de Ferrocarriles, marzo-abril, p. 35. 
KLIP FARRINGTON, Jr. (S.). — El progreso de la 
traccioén Diesel. (4 000 palabras.) 


1950 621 .33 (44) 

Boletin de la Asoc. perman. del Congreso Panameric. 
de Ferrocarriles, marzo-abril, p. 45. 

ARMAND. — Nuevas perspectivas de la electrifi- 
cacion en Francia. (2 000 palabras & fig.) 


Revista de Obras publicas. (Madrid.) 


1950 625 .13 
Revista de Obras publicas, marzo, p. 138. 

JUAN-ARACIL (J.). Ventilacién en  tuneles, 
(5 000 palabras & fig.) 


In Italian. 


Alluminio. (Milano.) 


1950 624 .2 & 669 .71 
Alluminio, n° 2, p. 122. 
RUFF (W.). — Studio fotoelasticimetrico sul’ 


alleggerimento di una trave. (5 000 parole, tavole & fig.) 


Ingegneria ferroviaria, (Roma.) 


1950 385 .114 (45) 
Ingegneria ferroviaria, marzo, p. 155. 

MATERNINI (M.). — La ricerca dei costi effecttivi 
delle unita di traffico sulla rete ferroviaria statale italiana. 
(8 000 parole, fig. & tavole.) 


1950 
Ingegneria ferroviaria, aprile, p. 231. 
POLSONI (G.). — Considerazioni sulle curve di 
raccordo ferroviarie. (2 500 parole & fig.) 


625 .113 


16 — 


1950 
Ingegneria ferroviaria, aprile, p. 261. 
MICHELUCCI (A.). — Il trattamento dell’ acqud 
delle caldaie delle locomotive nella rete delle F. §j 
(2 000 parole & fig.) 


621 .133.7 (451 


1950 624 64 
Ingegneria ferroviaria, maggio, p. 297. 
KRALL (G.). — Armature metalliche centine per} 


ponti in cemento armato e nuovi metodi d’impiegq 
informati alla viscosita dei calcestruzzi. (4 000 parol 
& fig.) 
1950 
Ingegneria ferroviaria, maggio, p. 307. . 
RIGHI (R.). — fl calcolo dei circuiti di binario munitil 
di relé ad un elemento. Esame del problema ristretto. 
(6 000 parole & fig.) 


656 .254 


1950 625 .24 
Ingegneria ferroviaria, maggio, p. 321. 
CIRILLO (M.). — Lunificazione del materiale da 


carico nel servizio internazionale. (3 000 parole & fig.) 


1950 656 .225 & 656 .261 
Ingegneria ferroviaria, giugno, p. 377. 

BASELER (W.). — Le casse mobili come meZZzO pel 
il risanamento economico delle ferrovie ec per la colla- 
borazione fra strada e rotaia. (3 000 parole & fig.) 


1950 
Ingegneria ferroviaria, giugno, p. 397. 
VEZZANI (F.). — Entita e costo degli autotrasporti| 
al 1° aprile 1950. (1 500 parole & tavole.) 


In Netherlands. 


Spoor- en Tramwegen. (Utrecht.) 


1949 621 .33 (481)}] 
Spoor- en Tramwegen, Nr. 26, 29 December, p. 425.1] 
BAYENS (F.). — Electrische tractie in Noorwegen. |] 
(1 700 woorden & fig.) ii 
1950 621 .338 (492) ty 
Spoor- en Tramwegen, Nr. 1, 12 Januari, p. 3. 
DOUWES DEKKER (C.E.). — De nieuwe electrische 4] 
vierwagenstellen der N. S. (2 000 woorden & fig.) 


1950 625 .141 jf 
Spoor- en Tramwegen, Nr. 2, 26 Januari, p. 19. | 

NOYON (S.). — Langzame schuivingen in de onder- 
ae als oorzaak van ballastzakken. (4 000 woorden 
O (2 


1950 656 .222.5 (492) If 


Spoor- en Tramwegen, Nr. 4,23 Februari, p33" 
WON) TENTS (CELUO), == IBY ontwikkeling van het per- }} 

sonenvervoer in Nederland na de tweede wereldoorlog. }| 

(1 600 woorden & fig.) j 


bs Toei 7 ee 


1950 656 .212 (42) 
oor- en Tramwegen, Nr. 4, 23 Februari, p. 60. 

De goederenloods te Birmingham. (2700 woord. & fig.) 
1950 656 .212 5 
Oor- en Tramwegen, Nr. 5, 9 Maart, p. 76; Nr. 6, 
23 Maart, p. 90; Nr. 7, 6 April, p. 105. 

De methode tot het gelijktijdig samenstellen van 
inen. (9 000 woorden & fig.) 

1950 656 .222.5 (492) 
oor- en Tramwegen, Nr. 6, 23 Maart, p. 85. 
PUTMAN (J.J.). — De treindienstregeling te Amster- 
m Centraal Station. (1 500 woorden & fig.) 


1950 621 .33 
oor- en Tramwegen, Nr. 6, 23 Maart, Do Shee 
DOUWES DEKKER (C.E.). — Electrische tractie 


t eenphasige wisselstroom 50 perioden en vergelijkende 
schouwingen met andere systemen. (2 000 woorden.) 


: _ 
| In Swedish. (— 439.71.) 


Jarnvags-Teknik. (Stockholm.) 


1950 625 .162 (485) : 656 .254 (485) : 439.71 
‘nvags-Teknik, No. 2, p. 42. 
4IARD (T.). — Report of 1948 relating to level 


sings. (2 800 words.) 


1950 621 33 (485) = 439-71 
nvags-Teknik, No. 3, p. 66. 


3PANBERG (T.). — First trials of electric traction 
Sweden. (1 800 words & fig.) 


950 625 .212 (44) = 439.71 
nvags-Teknik, No. 3, p. 80. 
-INAT (P.). — Railway carriages with pneumatic 


es. (750 words & fig.) 


Nordisk Jarnbanetidskrift.. (Stockholm.) 


949 625 .112 (481) = 439.82 

rdisk Jarnbanetidskrift, No. 11, p. 315. 

ORANGE (R.). — Reconstruction of small gauge 

way lines in Norway. (Paper read at the Meeting of 
Nordiska Jarnvagsmannasdllskapet (Section B), in 

0, in October 1949.) (3 600 words & fig.) 

949 625 .141 (485) = 439.71 
rdisk Jarnbanetidskrift, No. 11, p. 331. 

YLSSON (T.). — Ballasting works and transport of 

last. (Paper read at the Meeting of the Nordiska 

nvagsmannasdllskapet (Section B), in Oslo, in Octo- 
1949.) (3 800 words.) 

949 656 .216 (489) = 439.81 
rdisk Jarnbanetidskrift, No. 12, p. 345. 

‘artage of small parcels traffic for small stations and 


their district for collection and delivery. (Paper read at 

the Meeting of the Nordiska Jarnvagsmannasillskapet 

(Section D), at Gothemburg, in September 1949.) 
HUMLE (L.). — Danish report. (3 200 words.) 
LENNES (J.). — Finnish report. (350 words.) 
PRYDZ (E.). — Norwegian report. (1 100 words.) 
SVENSSON (T.). — Swedish report. (1 500 words.) 


1949 656 (471) = 439.71 
Nordisk Jarnbanetidskrift, No. 12, p. 360. 

Means of concentration of export traffic in view of 
a close co-operation between railways, ports, ship-owners 
and exporters. (Paper read at the Meeting of the Nordiska 
Jarnvagsmannasillskapet (Section D), at Gothemburg, 
in September 1949.) 


BLASSAR (A.). — Swedish report. (3 500 words.) 
LOKEN (K.). — Norwegian report. (800 words.) 
JONSON (E.). — Swedish report.” (1 200 words.) 


ERIKSON (G.). — Swedish report. (1 500 words.) 


1950 624 2: 625 .1 (471) = 439.71 
Nordisk Jarnbanetidskrift, No. 1, Dn Si 

‘Temporary railway bridges. (Lecture given at the 
Meeting of the Nordiska Jarnvagsmannasillskapet 
(Section B), held in Oslo, in October 1949.) 

PEITSARA (A.). — Finnish report. (1 600 words 
& fig.) 

BROEN CHRISTENSEN. — Danish report. (1 000 
words & fig.) 

KILLINGMO (A.). — Norwegian report. (1 200 
words.) 

CARLSTEDT (A.). — Swedish report. (800 words.) 


1950 656 .257 = 439.81 
Nordisk Jarnbanetidskrift, No. 1, p. 23. 

WESSEL HANSEL (W.). — Safety installations with 
relays. (1 300 words.) 

1950 625 .286 (483) = 439.71 
Nordisk Jarnbanetidskrift, No. 1, p. 27. 

BLIMSTRAND (Y.). — Electric railear of the M6j 
railways (Mellersta Ostergétlands Jarnvagar). (300 words 
& fig.) 


Sparvag och Buss. (Stockholm.) 


1950 656 .25 : 625 .42 (485) = 439.71 
Sparvdg och Buss, No. 5, p. 74. 
BOBERG (I.). — Signalling system on the under- 


ground railway in Stockholm. (2 900 words & fig.) 


Teknisk Tidskrift. (Stockholm.) 


1950 621: .335 : 625 .42 (485) = 439.71 
Teknisk Tidskrift, No. 18, p. 415. 

OFVERHOLM (H.). — Rolling stock of the under- 
ground railway in Stockholm. (4 600 words & fig.) 


M. Weissenbruch & Co., Ltd., Printer to the King, 49, rue du Poingon, Bruxelles. 


